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ua'fRonUOTlON 
Bleset, in h1. book, 'lb.. '-ytlology MQ 1.1fe !:i1etoJ'f of Baeten.1 
.tat... ·In mult,1celluhr Dacteria tn. Min groll"th at the cell 91itll 1,8 at 
the junct.ion or the oell well 6\I1d oro •• walle. It Tn:!.. j Ii!I interpreted .s 
referrinl to the growtll ,,/ the wbole orgJl!1islI. UnfortunAtely, the:t"e 18 iW 
~ 




used beoause l} t.tlt't tiP. of fh'll,itllc.tlon hI C,)fldl.lci va to accurate mee.8ureltent 
&nil 2) tb.is \)r.~arlll1JlI hUll ~QO .. 1 1:.1'1. tricri<;l,lIS .rl.agel1aU::m at 2CP C., pnd is 
growth 1s seefl~long the line I)f lnoc:.noilation fihlch 1s $urI'<JI.lnded by .!\ 11£'ht 
fi bl rf f,ro'1;tth. Oul "b.tr*l!i oottt1ned or f'llllhlng .from the lifht ;~er.l.phery {tbow 
.5.,; Yf,(lst cytraot, .1;;: A;:::HY'04 in Ijistilled t'!llter. SterUlzatbn ,-.1' medi& "",III 
car:r1e,J c,ut (.It 15 "'oundi$ fr)l' 15 lILutes. F',)l" flloment ls()1~;t.1m .!lnd pl1ite 
2 
-3 
to the:>':l1nt 01.' Q.rl€ln on th" cell. Data h,oGlled in the tables 'tl>lstfillce 
oj lJ~fon~ lnd1.v1(lur.l fll",eriJmntth 'lbe blUlic f:rocl!t,Jure 1f'~9 tl') inoculate 1 100l"'tu1 
Oount W~a dllutaQ to the dl!t~tred eonoentratbn ua1.D.!l cad tone broth as the 
diluent. A portLm f)f '!.he (l Llu'ted cu.l t.ure 'P~19 then 1noaul !1t.ed tnto ,21) ml. of 
C"att'>ne t:i.€:[",l'. Aft.cr mlxtnht.he culture "II:\~ poured l.nto a petri 8h. 






A p,)rtLm of tnt)! $00(:1<. eul ture of L. .~lnoaltO€~en&, "'88 tnocultd.e4 
o into 2.; ml. of cA>s1.tone Qr,:)th ... m:l f'luced in P.. ~8 o. lneu~tor. ':hCl a: he~v 
denl'$it,:f 'II'&80ua8rvE::ti, nevI' oroth 't'~8 hdded untn the Ol"i'!~tfl(')l culture 1\We lJ~re1J' 
tl.lt-l.Ita. rrte uiluti:1td ...;;: .. ltl.ll'G "&8 ";.{}n ~)lac.d in b 16° C.#p.ter bath for fhe 
minutes, ;"t.t>r ddch it Wfi8 r'l",ced In & 20° C. 1ncub·&t()l'. ~h(l'nle8 lll19re taken 
> 
5 
Experiment Number: 1 )"ilamante 




Length Number Length Distance Between 
Ho 11Jl!UU1'81~mt8 were tak$r • (Jrr" ..... ~amtl! in this I)I)riod ~re non-tla.{:e].latea. ~ 
., 
--....... 
Experiment Number: 1 Filaments 6 






i Distance Between Length Number Length I 
f- -
5.9 5 1.3 
- .7 - 1. 5 - 1.1 
• 7.1 6 
.7 - 1.1 - • 9 - 1.1~ 
1.1 of 
7.2 5 1.4 - .6 - 1.5 - 0 
6.7 7 
.6 - .7 - .4 - 2.8 
.3 - 0 
8.1 5 1.3 - 1.4 - 1.1 - 3.9 
6.7 8 
.6 - 1.0 - 1.2. - .6 
o - 2.1 
8. J .. 7 1.3 - 1.2 -.6 - 2.9 
1.3 - 0 
11.8 9 
.4 - 3.4 - .5 - 1.6 
.5 - 1.1 - 8 
5.9 7 1.5 - 1.4 - 1.2 - 1.6 
0-0 
8.9 6 1.7 - 2.0 - 0 - 0 - 0 
'·'Z'agea 7.65 6.5 1.29 
> 
Experiment Number: 1 F,llaments 7 




-Numberl Length I Distance Between Length I 
14.8 17 .4 - 1.0 - .8 - 0 - 0 
1.0 - ~9 - •• , - 2.0 
.4 - 2.8 - 1.0 - 2.1 
.5 - .9 - :, 
7.6 10 .4 - .3 - 2.1 -
.4 - .9 
1.8 - 1.6 - 0 
7.7 9 .9 - • 5 - 3. ;.: - 1. 6 
1.1- .4 - 0 - 0 
11.9 9 .7 - 1.8 - .5 - i,.1 
1.0- .9 - 1.7 - 0 
7.8 6 
.8 - 2.6 - 1.6 - .7 - 0 
9.0 11 L.O - 2.4 - .i, _ ., 
.6 - .4 - .7 - 0 
6.2 9 1.0 - 1.1, -
.2 - .7 
2.7 - 0 
10.9 16 
.7 - .4 - .6 - 1.1 
1.1 - 1.2 - .4 - .7 
1.2 - 0 
7.7 11 1.1 - 1.3 - .8 - .1 
1 • .3 - .9 - .1 - 1.4 
., 
7.6 10 .4 -
.8 - .9 - 1.3 - ., 
.5 - 0 
'''!'&gel 9.1 10.8 1.12 
.............. 
Experiment Number: 1 FU.aments 8 




length Number Length Distance Between 
9.1 8 1.0 - 4.1 - .7 - 1.1 
1.4-0-0 
f 
5.8 7 2.5 - 1.1 ... .4 - 0 - 0 
1.3 
7.6 17 
.7 - .5 - .6 - .5 - .7 
.7 - .9 - .J.. - .7 - .4 
o - .8 
8.5 18 
.3 - .5 - .5 - .7 - .6 
.3 - .5 - 1.3 - .5 
1.1 - 1.8 - .4 - .5 - 0 
8.1 10 
.7 - .. ~j -
.6 - .9 - .8 
.9 - .7 - 1.0 - .4 
7.9 14 .7- • 7- .B - .6 - .8 
. 4 - 1.2 - .8 - .6 - 0 
1.0 
6.6 10 
.4 - I .7 - 2., ./'- -
1.6- .8 - .J - 0 - 0 
7.6 16 
.7 - 1 • .1 - .6 - 1.0 
1.1 - .9 - 1.0 - .7 
• .3 - 0 
10.1 12 1.5- .9 - 1.L. - ., 
.5 - .8 - .8 - 1.3 - .8 
o - 1.7 
7.0 7 
.7 - .9 - .7 - loS - 0 
2.5 
'·'I'age. 7.78 11.9 
.90 
5 
Experiment Number: 1 Filament. 9 




length Number Length Distance Between 
6 • .3 1.3 0- .6 - .4 - .6 - 1.1 
1.7- .4 ~ .5 - .4 
8.6 15 o - .7 - .1) - 1.2 - .7 
.7 - 1.0 - .6 - .4 - .7 
1.0 - 1.0 
7.4 1.3 1.0 - .5 - 1.4 - 1.0 
4.0 - 1.5 - 1.5 - 0 
8.0 14 .5 - 0 - 1.;;:'. - .5 - .4 
1.3 - .7 - .7 - .4 
1.2 - .5 - .4 
7.0 15 o - 1.6 - 1.3 - .4 - .5 
• .3 - .5 - .4 - 1.0 - .6 
.4 
10.0 20 .6 - .4 - 1.0 - .9 - ., 
.5 - .6 - .5 - .7 - .7 
2.0 - .4 - .9 - .2 
6.8 17 .6 - .7 - .,3 - 0 - 1.0 
.7 - .9 - .4 - .5 - .3 
.,3 - .3 - .4 
6.6 16 • 3 - 1.1 - .,) - 0 .. .4 
1.1 -
·3 - • < - .5 - ! 
1.3 - .6 - .3 - 0 
7.7 l L, .8 - 0 - .3 - 0 - .6 
.6 - 2.1 -
.7 - .7 
1.0- .6 - .6 - .3 
7.1 14 1.3 - .6 - .8 - .5 - . ~ 
.6 - .6 - 0 - .5 - ., 
0 
,-Average, 7.6 15.1 .71 
Experiment Number: 1 ruuente 10 





Length Number Length Distance Between 
17.7 25 .9 - 1.0 .. .6 - 1.8 
.6 - 1.5 - 1.0 - .4 
.6 - 1-.5 ...: 1.0 - .4 
1.2 - .8 -of .9 - 1.1 
o - 0 - 0 
7.4 19 .2 - .2 - .8 - 0 - 1.0 
.7 -
.2 - .2 - 0 - 1.3 
.4 - 1.6 - .5 - .3 
10.' 23 0- ..., 
-
.2 - .8 - .3 . ~:. 
.) ... -,3 ... ./, - 1 • .3 
1.5- • .3 - ·3 - 1.5 - 0 
• .3 
-
.6 - .4 
8.9 14 o - .9 - .8 - .6 - .8 
.4 - 1.9 - .6 - .2 - ., 
.9 - .9 - 0 
6.3 12 .2 ... • 5 - ./ .. - 1.0 - ., 
.6 - .7 - .5-1.0- .6 
.3 
<;I. i+ 21 ./~ -
.7 - ·3 - .9 - .2 
1.3- .9 - .8 - .4 - .4 
1 • .1.. - 0 -
.8 - ·3 - ., 
0 
7.3 15 o - .5 - ·3 - .5 - ~ '''/ 
.6 - .8 - .9 - 1.8 - .4 
.2 - .4 - .6 
8.2 20 o - .6 .. 0 - .9 - .4 
.5 - 1.3 - .4 - 1.4 
.5 - .4 - .3 - .6 - .3 
.6 
..... 
Experiment Number: 1 Filaments 11 







length Number length I Distance Between 
7.7 14 
.6 - .2 - .5 - 0 - .7 
.1 - 1.7- .?- .J - La 
• • 
.2 - ,-4 - ., 
of 
6.7 10 .6-1.5-1.1.-
.J - 0 
.6 - 1.1 - 0 







Appearance of nag.lie, fit Z'JO C. J (ir!f.lns,l lncu.ba th)n - Jeo c. 
SUllm&l7 of Values 
Hours of Av. Length Av. No. of Av. Length Av. Distance Plate % Between Incubation of Soma Flagella/ of Flagella Flagella Count Flagellated 
Individual 
Microns Microns Microns M/ML 






5 7.6'* 6 .. ' 1.;;'9 
6 9.10 1~).8 1.12 
7 7.18 11.9 .90 
d 7.60 15.1 .71 
\~ 'iI.()<.) 17.4 .69 
I 
I 
*Has.a. I)n the 11:\1&. ,"",r.f.Il~1lt of lD lncll vl du".] b<i/.c~ria. 
...... i 
13 
Experiment Number: 1 Short, Rods 




Length Number Length Distance Between 





Experiment Number: 1 Short Rods 14 




length Number I Length I Distance Between I 
I 
3.6 it 1.1- .7 - 1.2 
• 3 • .2 4 1.7-
.7 - .5 
of 
;:;.6 
.3 1.0 - 1.1 
3.~ 4 1.3 - 1.8 - 0 
3.6 4 
.5 - 1.9 - 1.1 
3_1 5 2.5 - .6 - 0* 
3.3 7 .6 - .9 - .5 - .8 - .4 
.3.0 3 1.2- .7 
3.4 .3 2.3 - 1.1 
2.9 3 1.6 - 1..3 
3.1 4 2.1 - 1.0 - 0 
2.9 
.3 1.0 - 1.0 
J.e 4 
.7 - .6 - 1.2 
2.9 4 1.6- .) - 1.0 
;.~. 7 5 .8 - .8 - 1.0 - 0 
2.6 5 1.1 - .5 - .6 
3.0 6 1.0 - .) - 1.3 - .2 - 0 
3.5 5 .7 - .8 - 1.3 - 0 
..... 
1 Shnrt Hods 15 Experiment Number: 




Length Number Length Distance Between 
2.5 , 
.9 - .7 - .7 - 0 
2.5 J 1.1 • 
ot 
Average' J.OJ / ... 2 1.02 
*It does not necessarily ! Iollow ~h8t the number of .mea urements "Distance 
Between Flagella Ii always ( Ie one ass than the actual nl ~ber of flagella per 
individual. 'this is aue t p the Pl::.ct tht.t two or more lag ella arise at the 
pole of ~j cell and do not jattect measurements pertaintl ~ to the increase in 
length. This statement i8 true "or all of the follow!! tg experiments. 
....... 
Experiment Number: 1 Short ii~afl 16 




Length Number Length I Distance Between 
-
---
3.6 ~ .8 - 1.8 .-
3.) 4 .6 - l.~- !5 
of 
2.9 6 
.7 - 1.2- .4 
). L{. 5 .6 - .7- .4 
2.; t:: .4 _ 1.5 
- .·6 - 0 ./ 
3.7 5 .4 - .5 
-
.9 - 1.5 
2.9 6 .6 - .6 - .4 - .5 
3.1 6 1.2 
-
.7 - 1.0 
-
0 




.5 - .8 - 1.1 
0 





3.3 L. 1.0 - 1.0 
-
0 
;';.5 "t 1.0 
-
0 
2.5 5 1.0 - 0 
.3.5 5 
.<; - .L.t _ .9 
2.6 
.3 ~.O - 1.5 
2.8 4 1.1 
- 1·3 - .1 





2.6 3 .9 - .6 
....... 
Experiment Number: 1 Short Rods 17 







Length Length [ Distance Between 
3.3 5 .7 - .9 - 1.3 - .,3 
f 
:2.~ 7 .4 - .8 - .7 - .2 - 0 
of 
Average, J.O; 4.E .82 
....... 
Experiment Number: 1 Short Rods 18 




Length Number Length I Distance Between 
2.7 :> .7 
2.8 , 2.1 - ..... ; ... fO ... .4 
4 of ,., 
.1 - 2.0 - • .3 
2.7 6 
.2 - .2 - 1.7 - .4 - .2 
2.7 i. 1.2 - .5 - 1.0 
2.6 7 .4 - .8 - • .3 - 1.1 - 0 
2.8 6 
.8 - .2 - 1.4 - 0 - .4 
,3.6 , 1.3 - .7 - ., - 1.0 
,.2 , 
.7 - 1.7 - .4 - .4 
3·3 5 ., - .7 - 1.1 - ., 
2.' 4 .7 - 1.2 - 0 
2.6 6 1.1 - .4 - ., - 0 
2.6 4 
.1 - 1.4 - 0 
2.4 6 1.2 -.3 - 0 
,., 8 1.9 - .it - ., - • .3 - 0 
., 
2.6 , 
.,3 - 1.1 - .5 - .4 
2.6 6 
.3 - .1" - 1.0 - ., - 0 
2.9 it .5 - 1.2 - 1.2 
......... 
Experiment Number: 1 Short Rods 19 
Incubation Time at 7th Hour at 206 c. Cont1nued 
Plate Count: 
. Soma Flagella 
--
-
Length Numberl Length I Distance Between 
3.1 7 .1.. _ ., - .6 - .9 - .4 
0 
• 
3·' , 1.0 - 1.1 ~ .6 - 0 
4verage; 2.89 '.2 .7' 
....... 
Experiment Number: 1 8b.ort Soda 20 





Length Number Length Distance Between 
,., , 
., - .6-.7-1., 
2.9 , 
., - 1.6 _ #.4 - ., 
of ,.0 6 
., ,- .6 -
.4 - .3 - 1.1 
2.9 , 
., - 0 .... 1.4 - .7 
,.0 7 ., -
.6 .... 1.6 - ., - 0 
2.6 4 
.,3 - .4 - ., 
,., 9 1.1 - 1.6 - .1. - 0 - ., 0 
3.6 8 
.4 -
.5 - .8 - .5 - .4 
o - .9 
2.9 7 
.6 - 1.6 - .4- ., - 0 
0 
3.2 7 
.0 - .7 - .5 - 1.1 - ., 
., 
2.8 8 
.4 - .6 - .9 - 0 - .3 
.6 
2.8 6 o - 1.3 - 0 - .7 - .7 
3.2 8 
.8 - ., - 1.3 - 0 - 0 
.6 
2.9 6 ., -
.9 - .6 - .6 - ., 
3.' 9 1 .. 7 - .8 - 0' - .4 - 0 0 
......... 
Experiment Number: 1 Short Rode 2l 




Length Number Length Distance Between 
2.7 , .7 - .7- .4-.4 
2.9 8 0- .6 ... .~ - .6 - .8 
.2 of 
2.7 8 1.0 - • '3 - 0 - 1.0 - ., 
0 
2.' 4 .7 - .4 - 1.4 
2.8 8 0- .6 - .4- .6 - .9 
.,3 
Al'el"ag •• 3.0 6.7 .67 
I 
-........ 
r.... .. ~ 
Experiment Number: 1 Short 110ds 22 




Length Number Length 
I 
Distance Between 
)., 5 .5 - 1., - .4 - 1.3 
2.9 , 1.0 - .8 - '.J - .4 
.2.8 , .J - 2.0 - of ., - .2 
2.9 4 .6 - .4 - 1.2 
3.) , 1.2 - 1.0 - .8 - 0 
2.8 10 .5 - .6 - .2 - .) - 1.0 
0 
).4 8 .6 • 1.0 - .7 - 0 - .4 
.7 
).) 10 .8 - .J - .5 - .) - .6 
.2 ... 
.6 - 0 
).0 8 .4 - .6 - .4 - 0 - .4 -
.9 
2.8 7 .7 - ,6 - .) - .9 - 0 -
.) 
).0 8 o - 1.2 - .6 - .7 - .4 
0 
3.1 6 1.2 - 1.6 - .) - 0 - 0 
3.1 11 .4 - .J - .2 - .9 - .8 
0 
).4 8 1.) - .) - 1.0 - 0 - ., 
0 
............. 
Experiment Number: 1 Short Rods 23 




length Number length Distance Between 
3.0 9 .5 - .2 - ., - .6 - 0 
3.2 9 • 4 - .8 - • .9 -
.8 - .J 
.2 - 0 of 
2.6 7 
.7 - .) - .2 - .6 - .8 
0 
).0 9 
.3 - .4 - .3 - .2 - .8 
.8 - 0 
.3., 7 
.7 - .4 - .4 - 0 - 1.1 
0 
)., 7 .6 -
.' - .6 - 1.2 - .4 0 





App8.,.e .. or napUa _t 20° ad OrlglJ'1el racub.tJ.on - ,so o. 
$111m&17 01 Value. 
Hours of Av. Length Av. No. of Av. Length Av. Distance Plate % 
Incubation of Soma Flagella/ of Flagella Between Count Flagellated 
Individual 
Flagella 








,.0,* 4.:J. 1.02 
6 ).1';>' 4.8 .. 82 
7 2.89 '.2 .1, 
i ,.00 6.7 .61 
9 ,.10 7.1. .62 
I 
-"'884 () , In tb. l1li063 ~1'eHfl' 01 2P ln41ylclua,\ I,)ac\.na •. 
i 
........ 
Gr aph I-A Primary Temperature 38C; Secondary Temperate. 200 
verage l umber of Flagella per I ndividual 
1 
, 8 , 
Time in Hours 
__ ___ _ L 
Graph l-B Primary Temperature 3ec j Secondary Temperature 200 
verage Distanc e et\'Jeen Fla ella 
6 8 , 
Time in Hours 
Graph 1-0 Fi l aments 
!trequency .... ~Dl. ·trd:.buti:-Qn_·· o£.· D1stance::.d3etwee-n Flagella 
~ 
















.$ . ~ U to .~~ 10 lS 
Di stan ce in Mi crons 
Graph l-D hort Ro s Secondary Temperature 200 




Reeu1.ta c4 E:l:perimmt. No.1, 
The data tl't>m thilJ expeJ:"1Jent ehowe 
1. TheN are no fl.a.gella prefllllftt at J80 c. 
2. There 1a an apparent lag pbI.Ie o.t~ t'l.ageUa. .eo. 
'9'1a1ble. 
J. The aftX'Vp number of fl.a(~la per individual bacteriUII 
1Dcrreu.& with incubatioft at 200 c. 
4. 1be d1f1tance between fiagella decrease. with incubation 
at roo c. 
30 
.A looptul of .took culture or Lt ~I!!!!! .. 1nocl1lateci into 
200 ml. of caa:l.trm.e broth. The pJ0Ce4ure wq 'the ... as in Experimllnt No. 1. 
except the 118condar:r incubation temj)8ftttml wu 30° c .. 
Experiment Number: 2 Filan8nta 31 
Incubation Time at 1-2 Hour at 30° C. 
Plate Count: 
Soma Flagella , 
--
Length Number Length Distance Between 
No mrUUNIW.nta were tale ~. 0,., :ani_a in tM.!i paried ~ftt l1On.-f'l.atellated. 
of 
Experiment Number: 2 rUuenta 32 













U.7 .3 4.0 - ,.1 
6.0 
10.1 
Average. 8.0 .4 ,." 
Experiment Number: 2 




























.9 - I.) - 1.4 - 2.9 
.6 - 0 - .8 - 1.2 - 1.1 
.7 - 2.1 - )..6 
.4 - .7 - .7 - 1.2 - 2. ~ 
2.3 - 1.2 - 1.0 
.J.. - 0' - 1.2 - 1.2 - 0 
.4 - 1.0 - .8 - 1.0 - ., 
1.1 
.) - .2 - 1 • .3 - 1.2 - .8 
.2 - .8 - .4 - 0 - 1.1 
1.7 - .4 
.4 - 1.4 - .5 - ., - 1.~ 
.4 - .,3 - .7 - .4 - .7 
1 • .3 - 1.2 - .,3 - .7 - .2 
1.2 - 0 - .7 - 0 - .7 
.4 - .6 
.6 - 1.4 - 1.8 - .9 -
1.3-.7- . .3 
.2 - 1.6 - 2.0 - .6 
2.0 - .4 - ., - 1.1 
1.5 - 1.9 - ., 
o - .3.4 - 1.2 - 1.4 - ., 
1.00 
Experiment Number: :2 Filaments 34 






Length Number Length Distance Between 
6.1 8 .J - 2.1 - 1.0 - 1.0 
.4- 0-.5 
, 
11.7 1J 1.7 - ., - .,',3 - .8 - 0 
.7 - 2.6 - .7 - 1.4 
1.1 - 1.4 - 0 - ., 
6.' 14 ., - .8 - .6 - .9 - 0 
1.2- .2 - 1.0 - .5 - 0 
1.0 - .2 - .1 
14.7 18 .J - 1.2 - .7 - I.) - .8 
.8 - .5 - 1.2 - 1.1 -
1.3 - 1.9 - .4 - 1.6 
.4 - .4 - ., - 0 
7.0 9 .6 - .7 - 0 - .J - .1 
1.0 - 15. - 1.7 
6.0 8 I., - .6 - 0 - .8 - ., 
1.9 - .2 
9.9 12 o - 1.7 - .8 - .6 - .5 
1.0 - 2.0 - .8 - .8 
1. 5 - .4 - .) 
10.9 1) o - .8 - 1.1 - .4 - .2 
.4 - 2.0 - 1.0 - .8 
., - 1./, - 1.5 
7.0 10 .6 - .6 - 1.2 - .8 - .6 
.9 - .5 - .2 
6.2 II .1 - .~ - 1.) - .4 
1.0 - 1.2 - .4 - .1 
.9 - 0 
Average, 8.6 11.5 .88 
2 F1.1dents 35 Experiment Number: 




Length Number Length Distance Between 
6.6 10 ., - .4 - .5 - .6 - 1.0 
1.1 - 1.9 - .4 - ., 
• 
7.4 9 .7- 1.8 - •. J - 1.2 - 0 
1.7 - .6 _ ".8 
6.2 9 .1 - .6 - 1.5 - .~ - .2 
.9 - 0- .9 - .8 
11.9 16 .2 - .5 - 1.5 - .7 - .9 
.8 - 1.0 - .6 - 1.2 ... 
• 2 - 1.1 - 1.6 - .7 - .8 
0 
6.1 10 .9 - .6 - .4 - 1.1 - .2 
o - 2.9 - 0 - 0 
6.1 7 .9 - .7 - .7 - .. 2 - 1.1 
.7 
6.7 9 
.7 - .9 - ., - .7 - .2 
1.4 - .7 - 1.6 
7.2 9 .2 - .6 - .. 6 - .. 4 - 2.4 
o - 1 • .3 - .4 
6.,3 9 .2 - .9 - .4 - 1.0 - .2 
1.7 - 1.0 - .s - .4 
8.9 11 1.0 - 1.8 - 0 - 0 - .4 
1.0 - 1 • .3 - .2 - .7 - 0 
Average, 7.,3 9.9 .83 
Experiment Number: .2 Filamen ts 36 




Length Number Length Distance Between 
--
9.1 1.4- .. 4 - 1 .. 5 - .5 - 0 - .2 
.6 - .7 - .6 - ., - 2.0 
.4 - .5 , 
6.0 9 .7 - .3 - ].,..4 - 1.9 - 0 
.1 - .5 - .7 - 0 
6.,3 11 .2 - 0- .9 - .,3 - .7 
.6 - .6 - .1. - 0 - ., 
'.9 U .7 - .5 - 0 - 1.1- .. 8 
.1 - 1.9 - .1 - .,; - 0 
11.2 17 1.,3 - .2 - 0 - 1.7 - .5 
0- .4 - 1.0 - .9 - .7 
., - .7 - .7 - .7 - 2.0 
0 
7.4 14 •. '3 - .) - .3 - 1.0 - 1.0 
.2 - .2 - 1.6 - .6 - .7 
.J~ .. • 6 - .3 
6 • .2 10 o - 1.2 - ., -
.9 - .7 
.8 - .7 - .6 - .1 
Average. 7.4 12.3 .73 
Experiment Number: ;2 Fllat;ents 37 







I Distance Between Length I 
_.-
~.9 10 1.2-0- .6 - Ll - .2 
1.5- .4 - .J ..... • .3 
• 
9 • .3 15 1.2 - • l ... - .9 - 1.0 
1.2 - .5 - ".3 - .4- .4 
., -
.7 - ., - 0 - .2 
6.7 11 .5 - .6 - .3 - .9 - 1.0 
1.1-0- .5 - 1.? - 0 
6.4 11 .8 - .8 - 0 - .7 - .6 
.5 - I.) - 1.5 - 0 - 0 
6.7 10 1.2 - .5 - .,. - .8 
1.6-
.6 - 1.1 - 0 
7.0 8 1.) - 0 - 0 - .) - .) 
.7 - 1.1 
6.8 12 .8 - .5 - .5 - 1.1 - ., 
o - 1.2 - .2 - 1.4 - .) 
0 
10.) l' .) - 1.1 - .4 - 2.1 - 0 
.7 - 1.4 - .2 - .. 2 - .J 
.5 - .8 - .9 - .6 
11.4 14 .8 - 1.,3 - 0 - .4 - .9 
.8 - 1.7 - 1.9 - .1 
.5 - .5 - .s - .6 
6.5 10 .5 - .9 - .4 - 0 - .9 
1.0 - .9 - 1.6 - 0 
Average. 7.7 11.6 .76 
~------------------------.. --. 
38 
TABU 2 - A 
1'11aunt. 
Appearance ot Flagella at ,300 a.' Original incubation - ,3,0 o. 
au.ur,y of Value. 
Hours of Av. Length Av. No. of Av. Length Av. Distance Plate % 
Incubation of Soma Flagella/ of Flagella 
Between Count Flagellated 
Individual 
Flagella 





,3 8.0* • 4 
.3." 
of 
4 g., 9.4 1.00 
, 8.6 U.6 .88 
6 7.,3 9.9 .8.3 
7. 7.4 12 • .3 .7) 
8 7.7 11.6 .76 
*Based 0 p measurelD tnt of 10 inc 1vldual bac1 81'1&. 
I 
~----------------------------
Experiment Number: 2 Short Roda 39 
, 




Length Number Length Distance Between 
No maaar..tt'lm&nts Vent taker • Ore wemtS 1n this psriod ~re non-.flagallated. 
• 
of 
Experiment Number: .2 Short Boda 40 






























Experiment Number: 2 Sbor'i Rode 41 




I Soma _~I.!:'~e~_!... 
--------








Average. 2.8 0., 
I I I 
Experiment Number: 2 Shor' Bod. 42 





Length Number Length '/ Distance Between 
f-----
2.8 4 
.7 - 1.4 - .4 
2.6 4 
.!) - 1.1 - .9 
• 
2.5 4 ., -
.8 - .12 
2.7 J .7 - .9 
2.5 4 1.0 - .8 - .6 
2.9 , 
.7 - .9 
3.1 J 1.2 - .7 
2.9 
" 
.4 - .8 - 1.1 
2 .. 9 .4 
.4 - .6 - 1.6 
2.' 3 .2 - .9 
3.' 3 ., - 1.9 
2.9 3 1.0 - 1.3 
2.' 3 .4 - 1.0 
3.0 3 1., - .3 
2.9 , 
.4 - .8 - .7 - .1 
2.7 3 1.0 - .7 
2.8 4 1.1 - .9 - .1 
3.0 4 .3 - 1., - .9 
2.7 4 1.) - 0 - .8 
Experiment Number: 2, Short Rod. 43 
Incubation Time at 4th Hour at .:roO C. Continued 
Piate Count: 
Soma I Flagella ---,- -----
- -----------
- I 
Length Number! Length Distance Between 
--- ---------------1-- "------- -
2.7 4 1.0 - ., - .7 
• 
., 
Average: 2.8 4.6 .82 
Experiment Number: 2 Shon Sod. 44-




Length Number Length Distance Between 
,.1 8 1.0-
.1 - 0 - .1 - .7 
., - .1 
2.9 ~ o - .9 .... ,'- ., 
of 
2.6 4 ., - .4 - 1.2 
2.6 , .. , - .6 - 1.4 - .1 
,., , 
.4 - .6 - 1.0 - .6 
2., 5 .9 - 1.2 - .4 - 0 
2.9 , .2 - 0 - 1.0 - 1.1 
2.7 4 .7 - 1., - .2 
,.1 6 .2 - 1.6 - 0 - .2 - 1.1 
2.9 4 .7 - .7 - 1., 
2.6 , .2 - .4-1.7- .1 
,.1 7 .0 - .3 - .6 - 1.0 - .6 
.2 
,.0 6 .4 - 1., - .3 - .8 - .1 
2.6 4 .4 - .8 - 1.1 
2.9 5 .2 - 0 - 1.1 - .7 
2.6 4 .6 - .8 - .8 
2.6 4 .1 - 1.1 - 1.2 
2.9 6 .4 - 0 - .7 - 1.8 - 0 
Experiment Number: 2 Short Bode 45 




Length Number I Length Distance Between 
3.3 , .7 - 0- .7 - 1., 
3·2 , .2 ... • 7 - :1 - 1.9 
of 
A.verage. 2.9 '.1 .76 
Experiment Number: .2 Short Rode 46 





Length Number Length I Distance Between ! 
--
---
2.7 , .8 - 1.2 - .6 - .1 
:;.4 7 .4 - .6 - t.l - .4 - .6 
• .3 ., 
2 .. 8 5 .13 - 0 - 1..3 - .6 
2.9 6 .0 - .7 - .9 - .6 - ., 
'·3 6 .8 .. . , - .6 - .J - 0 
2.7 5 .2 - .3 - 0 - 1.2 
J .1+ 5 1.1 - 0 - 1..3 - .2 
3.2 7 .7-1..)- .5 - .1. - .3 
.2 
3·0 6 .6 - .7 - .9 - .4 - .2 
2.9 5 1.0- .9 - .8 - 0 
3.1 6 ., - .7 - .J - () - .1 
3.0 5 .0 - 1.9 - .6 - .2-
2., 5 .7 - " ') 
-
.4 
.,.J - ".,.1 
.3.5 5 .1)., _ l.il' _ .5 - .5 
-
.4 
2.8 4 o - 1.2 - .4 
3. 4 5 .2 - 1.1 - 0 - 1.6 
].] 7 .4- - .6 - .6 - 1.4 - 0 
.3 
Experiment Number: 2- Short .Rods 47 
Incubation Time at 6th Hour at .30° C. 
Plate Count: 
Soma . Flagella 
~--
I 
Length Number Length 
i Distance Between I 
2.8 5 .1 - .7-1.2- .5 
2.9 6 .1 - 1.<) -'.9 - .2 - .2 
.3.0 , .J - .4 -
., 
.J - .8 
Average, 3.0 5.! .66 
Experiment Number: 2 Short Rods 48 








Length Number Length I Distance Between 
--
----
).0 It 1.9 - .5 - 0 
3.4 6 .8 - .9 - 1.0 - .1 - .4 
of 
,3.2 6 .9 - .7 - .2 - 0 
,3.2 5 .6 - .7 - 1.0 - ., 
2.9 4 .1 - .5 - .8 
2.9 5 .4 - 0 - 1.0 - .9 
2.6 4 .4 - 2.0 - .) 
2.8 4 .1. _ .4 - .7 
2.8 5 ., - .3 - a -1.4 
,.0 5 1.0 - 1.2 - 0 - .1 
2.5 4 .2 - .6 ... 1.1 
2.9 5 2.1 - 0 - .) - 0 
2.5 5 .4 - ., - .9 - .2 
3·3 6 1.1 - 1.1 - .5 - ., - .~ 
2.7 4 .8 - .4 - .5 
2.8 6 .4 .. ., - .7 - .6 - 0 
2.8 6 • .3 - .8 - ., - 1.4 
2.5 6 .5 - .1 - 1.1 - .7 
Experiment Number: 2 Short Rod. 49 





Length Number Length Distance Between 
.3.0 6 .5 - .8 - 1.1 
-
.,3 - .4 
2.8 4 1.4 - ;7 -'0 
., 
Average I 2.9 5.0 .71 
Experiment Number: .2 Short Bod • 50 





Length Number Length Distance Between 
f---- ----
.3.0 , 1.4 - 1.1 - ., - 0 
2.9 5 .6 - 0 ... 1.6 - 0 
., 
.4 '·3 ~ .8 - .8 - 1.4 -
2.9 5 
.' - .6 - .3 - 0 
2.8 6 
.2 - 1., - 0 - .7 ... 0 
3.' 7 .4 - 0- • 9 ... 0 - .6 ... 
.3 
2.9 6 o - .9--.2,--
.' - .8 
2.6 , 
.6 - .1 - .8 - .4 
2.7 , .4 ... .6 - .7 - 0 
2.5 4 
.7 - 1.7 - 0 
2.9 6 
.4 - .6 - 1.4 - • .3 - .2 
2.9 7 ., - 0 - ., - 1., - .8 
0 
2.7 , 4 - 0 - 1.3 - .6 
2.7 , i., - .2 - .6 - .6 
'.0 5 .1 - .6 - .9 - 0 
2.6 4 1.0 - 1.4 - .1 
,.1 6 
.7 - .J - 1.0 - .8 - 0 
2.6 4 
.9 - .7 - .7 
Experiment Number: 2 Short Rod. 51 







Length Number Length Distance Between 
1----- ---
,.0 , .6 - 0 - 1. 5 - ., 
2.9 5 ., - 1.-5 ... '.6 .... 0 
., 
-
Average, 2.9 5.':; .74 
~ 
52 
tAU 2 ... 8 
Sbor'ioda 
Appearance ot Flagella &t)Oo C., 0 Or1glAU l.noab-.tion ... ;J8 O. 
3unuiU.U";f ot V&J.u.ee 
Hours of Av. Length Av. No. of Av. Length Av. Distance Plate % Between Incubation of Soma Flagella/ of Flagella Flagella Count Flagellated 
Individual 







J .;t.8* .) of 
it ~.a ,.6 .82 
, l.9 ~.l .76 
6 3.0 , .., .66 
7 ;a.9 '.0 .71. 
a 2.9 ,., .74 
*Bt~.ed c In •• UUtUl"_ lent. of 2;) in ~1.'f'1,dll&l b"c ~U"! -
-I 
I 
Gra.ph 2~A Primary Temperature 380; Seoondary Temperature 300 
Average lYurn e r of Flagella pe r I n i vi a l 
s , 8 
Time in Hours 
p 
--- -. 



















Average Distance etlveen _ lagella 
, 
Time in Hours .. .-
.. 
p 
Graph 2-0 Filaments S eondary T peratur 300 









Distance in Hicrons 
Graph 2-D Short ods Secondary Temperature 300 
Frequency Distribution of Distance BetvTeen Flagella 
.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 
Distance in lficron 
leeulta of __ :r.l.JBDt ICo. 2. 
"10m tbie .~~, it 1 ... t __ , 
1.. hre .. no tlaplla pl'Oduoed at .leo c. 
2. Tbtre 18 a lag phaae 'Which 18 not .. pro!1OV.!lC8d aa Nhen 
the seccndat7 ~bat1m tEmperature 1s 20- c. 
J. The averege nt:llllber of ~U. per 1ndi vidual 1DcsIe ••• la 
m:a'ber seam1.ngq until a full complalBr4 is J'lNCbed and 
t411 remain at t.hat level. 
... The awrap d:lna.nce be_en tlaplla deereues 1id18A tbe· 
wltuN 1..e incubated at 3fP c. 
------------------~---- ------------
!JR!pnt !~, ~ 
1'be procedure is tJe _ .. as for E~r.l.ment flo. 2. The pri1U.l7' 
incubation tempe!"ature was J80 OJ tte seeouda17 temperatm"8 'WU 300 c. 
Experiment Number: , F1laDtntG 59 




Length Number Length Distance Between 




Experiment Number: ,) FU .. eat. 60 



















Averagel 11.' .1 
Experiment Number: 
.3 filaHnts 61 









., - ).4 - 2.) - ., - 0 
1.1 - .8 
• 
11.' 12 1.8 - .6 ~1.8 - 1.1 -
1.) - ., - 1.6 - 1.8 
.8 - 0 
8.0 1 
6.5 7 2.0 - .7 - .8 - 1.7 
.2 - 1.1 
6.7 8 
.2 - .8 - 2.) - 1.8 
1.0 - .6 - 0 
6.6 5 2.9 - 1.5 - 1.4 - .8 
7.6 8 ., - .4- 2.7- .7 
1.6 - 1.7 - 0 
6.4 6 1.5- .8 - 1.6 - 1.2 
1.0 
9.9 10 1.0 - 1.1 - 1.' - 1.0 
2.2 - 1.2 - ., - .8 
.4 
8.2 11 1.6 - .6 - 1.0 - .8 
1.1 - 1.2 - .9 - .3 
.4 - 0 
9.1 12 
.3 - 1.) - 1.0 - 1.9 
1.3 - .2 - .8 - 0 - .3 
0 
Average. 8.1 8 1.1' 
Experiment Number: 
.3 F11aaent. 62 




.. = ---.. -.. -~ 
Length Number Length Distance Between 
8 .. 4 8 ~5 - .2 - 1.0 - 1.1 
2.1 - 2.0 - 0 
, 
6.6 10 .,3-.5-)..2- .4 
1.0 - 1.2 - 1.0 - .7 
.2 
1,3.6 17 .,3 - .9 - .5 - 1.4 
.3 - 1.B - 1.0 - 1.1 
1., - .8 - .8 - 0 
1.'t - .6 - 0 ... 1.2 
7.5 6 2.7 - ,3.1 - 0 - .7 
.8 
6.7 10 
.2 - .4 - 1.1 - .4-
.J - 1.1 - 1.3 - .8 
1.1 
6.1 11 
.4 - 1.7 - .2 - 1.0 
1.1 - .4 - .2 - .6 - 0 
.,3 
11.6 9 1.1 - .5 - 2.6 - ,.2 
9 - 1.8 - 0 - 0 
7.1 8 
.1 - • .? - 1.5 - 1.3 
.5 - 1.7 - 1.0 
6.9 8 ., - (\ - 1.1 - .9 - ,.~ 
.5 - ., 
6.8 7 o - .J - ,3.2 - .7 - 1.~ 
1.2 
Average. 8.1 9.4 1.04 
Experiment Number: ;3 FUuenta 63 





length Number length Distance Between 
7.4 9 
.8 - 1.8 - .2 - 1 • .3 - 0 
1.8 - .6 - .8 
, 
6.0 10 
.7 - :9 - .2 - 1.0 - .1 
.s - 1.7 J .S - .2 
6.0 6 ., - ., - 1.8 - 2.6 
.2 
7.'5 11 
.4 - .2 - 2.1 - .9 - .~ 
1.5 - .9 - .s - .2 - .6 
7.1 8 1.7 - 2.2 - ., - 1.0 
.4 _ 
.6 - ., 
6.0 10 
.1 - .8 - 1.6 - .6 - .~ 
.8 - () -
.7 - .7 
7.1 10 1.0 - .2 - 1.2 - .4 - C 
o - 2.' - 6- .9 
6.8 9 1.~~ - 1.1 - .5 - 1.2 
.6 - 1.0 - .9 - .3 
7.9 10 .2 - 2.9 - .) - .6 
.7 - 1.1 - .7 - ., - .8 
7.0 8 .)- .8 - .5 - 2.,3 - .7 
.6 - .4 
A"ragel 6.9 9.1 .90 
Experiment Number: J Filutmte 64 




.... - -'"-~-' 
Length Number Length Distance Between 
8.) 11 
.4 - .6 - .; - 2.2 
.7 - .;( - 2.1 - .4 
. 8 - 0 • 
of 
6.) 10 1.2 - .1, - 1.0 _ .1 
1.0 - .9 - .7 - .4 
.2 
6.4 6 
.7 - .4 - 0 - ).J - 0 
9.7 10 .4 ... 3 .. 
.8 - .6 - .7 
1.9 - 1.5 - .7 - 1.9 
11.) 1.2 2.0 - .) - .8 - .4 
.2 - 1., - ., -
.8 -
1.2 - 1.1 - 1.4 
11.0 1) 
.4 - ., - ., - 2.1 
.6 - .8 - 1.0 - 1.2 
1.2 - .7 - 1.) - .8 
6.4 10 .6 ... • 2 .... 
.4 - .) 
1.1 - 1.4 - .J - .1 
1.8 
6.0 9 
.8 - .7 - 1.0 - .J - 0 
.) - 1.' - .!i 
10.7 15 1.1 - .2 - 1.9 - .1 
.5 - .2 - .S - .8 - .9 
.6 - ., - .6 - ., - 1.9 
6.' 10 1.0 - .6 - .8 - .J 
1.0 - .8 - .6 - .3 - .4 
Ayerage. 8., 10.6 .8-4 
Experiment Number: 3 Filament. 65 





Length Number Length Distance Between 
15.6 27 ., ... .8 ... • 1 - 1.0 - .1 
1.0 - ., - .2 - 1.1 
.4 - • 5 - 1.1 - .6 ... ., 
.9 - .6 - .2 - 1.3 - .6 
.s - .3 - 1.0 - .4 - .2 
.5 
6.9 12 1.9 - 0 - 1.1 -
.6 - .4 
.9 - (j - ., -
.2 - .8 
.2 .. . , 
14.0 17 .2 - 1.2 - .J - .3 - 0 
1.7 - .8 - .8 - 1.4 
.6 - I .7- 1.5 - .7 • .t." ... 
1., - • 4 
22.1 19 .5 - ..8- .J - 1.' 
1.4-
.J - 1.4 - .2 
1.) - ).6 - 2.4 - .J 
.4 - .:5 - 1.0 - .9 
.7 - 1.8 
11.6 16 
.J - .6 - .4 - 1.6 
1.0 - 1.2 - ., -.2 
1.0 ... • 9 - .4 - 2.1 
.4 - 1.' 
24.8 J6 .4 - .4 - 1.1 - .5 - .1 
.9 ... 
.6 - 1., - ., -.) 
.4 - 1.1 - .7 - .4 - ., 
2.7 - .J - .2 - .4 
1.4 - .4 - .4 - 1.0 
.8 - . , - .4 ... .2 ... ..J 
.J - .9 - .7 - .J - .s 
0 
9.6 15 • 9 -
.J - .9 ... ., - 1.1 
1.7- .6 - .6 - .7 - 0 
1.1 - .5 - 0 ... . , 
Experiment Number: , FUumt. 66 




T·'-~ _. __ ¥ h-
I length Number length Distance Between 
7.9 13 ., - .6 - .8 - .2 - .6 
1.) - .7 - ., - .4 
., - 0.7 - ,1.1 
10.0 11 o - .J" - '1.5 - .2 - 1.~ 
1.0 - 1.5 - .8 - 2.1 
1.0 
Average, 13.61 18.4 .78 
l'AlL& , - A 67 
P'11amenta 
Appeu6,llCe ~t flagella at)O° 0 •• Original teapel"&ture _a. )80 O. 
:<;It" ...... ~ of V~u.e. 
Hours of Av. Length Av. No. of Av. Length Av. Distance Plate % Between Incubation of Soma Flagella/ of Flagella Flagella Count Flagellated 
Individual 





, 11.'· .1 , 
4 8.1 S.Q 1.15 of 
, 8.1 9.4 1.0.4 
6 6.9 9.1 .90 
7 8.) 10.6 .84 
8 1,.6 18.4 .78 
*ia.ed ,n IHlaPre •• nt of 10 11 d1v1&aal bac t\ifrla. 
I 
68 
Experiment Number: :. Sbgrt Rtx1a 




Length Number Length Distance Between 
Ii,) meastmltl&'l.U _1'8 take ~. Or. ant_ in this period were nCll:-r~llat.e4. 
of 
.... 
Experiment Number: , Short Rods 69 




~ .... ~ - ---.. , 
j Length Number Length Distance Between 
2.6 



















3.1 2 2.4 . 
Experiment Number: 3 Sbort Rod. 70 










Average. 2.9 .4 2.4 
.... 
Experiment Number: , Sbon Rod. 71 




~r-"'" -- -_. 
Length Number Length Distance Between 
-
z.s 4 
.2 - 1.2 - .7 
.3.0 , 1.0 - ·.2 .. .2 - ., 
2.8 3 1., - • .3 
of 
2.9 , 1.7 - ., - ., - .2 
2.9 
.3 ., - 1.1 
Z.6 1 
,.0 Z 1.0 
,., 4 2.2 - 1.0 -
·3 
2.6 .2 1.5 
2.' 1 
.3., 
.3 .4 - ., 
2.8 .2 1.4 
2.6 
.3 1.0 - 1.,3 
2.8 /~ 1.2 - 1.3 - 0 
,3.4 1 
2.7 ,3 Z.O - .6 
.3.1 , 
.8 - .6 - 1.4 - • .3 
2.7 4 
.7 - 1.2 - .4 
,3.4 4 




Short Rod • 




--~ ._--- I 
Length Number Length Distance Between 
2.9 
.3 1.7 - .8 
, 
of 
AVerage' 2.9 ,.1 .89 
Experiment Number: , Short Rode 7'3 




~- _.- ._ ........ 
Length Number Length Distance Between 
,.4 6 1.) - .5 - 0 - .8 - .2 
2.' 4 .7 - 1.4 .:. ., 
of 
).,3 4 1.4 - 1.8 - 0 
).) , 1.7- .1 - ., - .6 
).0 .2 1.9 
2.9 4 .6 - .6 - 1.1 
2.6 4 1.5 - .6 
).) 4 
.7 - .2 - .8 
).2 6 .4-1.5-0- .7 - 0 
., 
2.6 6 o - .2 - 1.0 - ., - ., 
2., 4 
.8 - .7- .4 
2.8 4 1.5 - 0 - .2 
2.8 4 .2 - .8 - .9 
2.8 4 1.6 - 0 - 1.0 
2.8 3 2.1 - .5 - .6 
2.' 4 .2 - ., - 1.7 
3.2 6 .2 - .6 - 1.3 - ., - .5 
).0 6 
.4 - .4 - 1.0 - .8 - .4 
Experiment Number: .3 ShGrt Rod8 74 




_ ...... __ . -, 
Length Number Length Distance Between 
2.' 4 .7 - .6 - .6 
2.' , .9 ... .4 - '.6 - 0 
of 
Average, 2.9 4.6 .78 
Experiment Number: J ahort Bods 75 





' .... --. 
Length Number Length Distance Between 
2.8 6 
.J - .J - 0 - 1., - ., 
2.8 4 
.5 - 1.2 • .6 
,3.1 6 of 
.5 - .2 - .7 - .4 - .7 
2.9 4 
.6 - 0 - 1.' 
2.9 , 1.0 - .J - .3 - 1., 
2.9 , 1.1 - 0 - .s - .8 
2.5 , 
.2 - .8 - 0 - .8 
2.8 6 ., -
., - .2 - 0 - .9 
.4 
2.6 4 
.4 - .6 - 1.2 
2.8 6 
.2 - .5 - .4 - .6 - ., 
2.7 , o - 1.1 - ., - .8 
2.' 4 ., - .8 - .9 
J.J 7 .7 - 1.4 - 0 - .J - 0 
.8 
,.1 4 2.,3 .. . , - ., 
,.2 , 1.1 - .9 - ., - .7 
J.2 , ., - 1.5 - .4 - .6 
2.' , ., - .5 - 1.6 - 0 
2.8 , 2.0 - 0 - .4 - 0 
76 
Experiment Number: 3 Short Rode 





Length Number Length Distance Between 
2.7 6 .J - .7 - .9 - .4 - .4 
2.7 6 o - .4 - :j~ - 1.1 - .6 
of 
Average; 2.8 '.2 .69 
Experiment Number: 3 Short Rods 71 





--. "' I 
Length Number Length Distance Between 
,., 7 
.2 - .3 - .; - 1.0 
1.1 - ., 
, 
2.7 , .4 - .5 - .4-
of .9 
3.2 7 .4 _ .2 - .4 _ .9 - ., 
.6 
2.7 , o - .7 - 1.6 - ., 
2.7 5 .4 - 1.0 - .) - ., 
2.8 , ., - 1.0 - .6 - .4 
,.4 , l.1 - .6 - .7 - .4 
3· 1+ 6 .4 - .8 - ., - .8 - 1.0 
,., 6 
.' - .4- 2.7- .2 - 0 
3.4 , 0' - .4 - 1.4 - .6 
,., 5 0- .) - 1.3 - .7 
3.0 6 ., - 1.2 - .2 - 1.1 
., 
2.7 , 
·3 - ., - 1.0 - .4 
2.6 , 
.4 - .8 - ., - .7 
,3.0 4 .,; - 1.2 - 1.7 
,.1 6 ., - 1.5 - 0 - .4 - ., 
2.6 4 .6 - .6 - .2 
Experiment Number: 3 Short Rods 7S 
Incubation Time at 7th Hour at 300 C. Continued 
Plate Count: 
..... a Flagella 
-
.... -, 
length Number length Distance Between 
2.8 6 1.0 - 0 - 1.0 - .7 
2.7 6 
.1 - .3 -'2.' - .2 - .1 
of 
Average. 3.0 5.4 .68 
Experiment Number: .3 Short Rod • 79 





Length Number Length Distance Between 
I :; ./; 6 
.J - .8 - .7 ... 1.0 - .~ 
2.8 .5 .7 - 6 ;1.'\ .. .... .l.<'" .4 
2.7 , 
.2 - • 5 - t2 - .4 
).0 7 ., - .1 - .8 - .2 
1.0 - .4 
,).' J .8 - 1.1 
,).2 , 1.0 - .9 - .2 - .6 
2.8 6 
.2 - .4 - 1.2 - .6 
.4 
2.9 6 .1 - .5 - .2 - .6 - .J 
,).0 4 1.0 - .6 - .8 
2.8 , .4 - 1.4 -
.6 - .4 
2.9 , ., - 0 - 1.4 - .,3 
2.7 , .2 - 1.1 - .7 - .2 
2.8 4 
.5 - .7 - .8 
,).' 6 .4 - 1.' - 1.0 - • .4 -
.1 
,).0 7 0- ., - 0 - .7 - .8 -
.9 
2.9 , .4 - .1 - ., - 0 
2.9 5 .9 - .6 - .4 - .6 
Experiment Number: .3 Sh(lrt R"r18 SO 




.. ~.~ . 
Length Number Length Distance Between 
.:; • .5 10 .;> - 1.0 - 0 - .4 - .8 
.,3 - 0 - ., - .5 
, 
,.0 6 .4 - .7 - ~.3 - .9 - 0 
,.0 , .8 - .6 - 0' - .6 
Average' ,.0 ,., .62 
81 
TABLE 3 - 8 
Short iod8 . 
Appearance of nageUa at 300 o. J Original temperature .. u 38° O. 
SuIlDUtr.Y or Valu.,e 
Hours of Av.length Av. No. of Av. Length Av. Distance Plate % 
Incubation of Soma Flagella/ of Flagella 
Between Count Flagellated 
Individual 
Flagella 
Microns Microns Microns M/ML 
. --_ .. _----
1 
2 
3 2.9* .4 2.40 , 
4 2.9 3·1 .89 ~ 
, 2.9 4.4 .78 
6 2.8 '.1 .69 
7 3.0 ,.4 .68 
8 ,.0 ,., .62 
*Baaed c ~ llealll1l"81l lent of 20 in ~1 vidual bae er1:a •. 
Gr aph 3- A Primary Te.perature 38C i Secondal7 Tempera.ture 300 
verage )Tumber of Flagella per I ndi vi ual 
6 8 
Time in Hours 
·. 
Grap 3- .Pr lJ1&ry Temperature 380 ; Secondary Temperature 300 





























'M q I 
3 .. S , 'I 8 
.. Time i n Ho u l's _." .. . .. T·, 
.... ---------------------------------------
raph ; -0 Fila enta Secondary Temperature 300 
verage Distanc e Behreen Flagella 
I 









• $ · 1.0 1.S 2.0 t.~ 3.0 :),$ 4.0 
Di s ta...nce in r..1icrons 
Graph 3-D Short Rod. Secondary ·remperature 300 





Reeulte ot F.:xper1mnt ~to. , 
-rh111 exper1ment is' a re]:Oat or txrel"1ment No.2. The reanlta 
obtained Ill ... the 1$" aD in. E~ I"!Jent }!o. 2, 1 .. ~:th1n the bound. of t.b8 e. r.1.lent. 
I:lcpel".i.1ralti:O. 4 
A l.oop£ul cd" stock eultl.U'e of L., ~¥l9!I"!&Ie. waa inoeul ated :l.n.to 
200 ml. oJ.' oaait.ooo i.:Iroth .,a pl.aoJd in t}JI.) 2CP C. inCl.tbatul'. When tu:b1ditr 
was evident, ttw C".il t.'I.U"e WN diluted '1Ii th i'Nab "\.Ai. Iltl-tU t.i. (lw.i;1.II"\I .. 
htu'llt1.y turbid. It was t.bou plaotd 1n ,,~ .380 C. incubator Wld. aliq\lOtlJ W'e18 
Experiment Number: .4 JII11aaertts S8 




-'-.'.~ , I 
length Number Length Distance Between 
7.4 13 
.. 6 - ., - 2.1 - 1.1 
.2 - .4 - .6 - 1.8 
.5 - 0 " 
<f 
17.9 21 .8 - .5 - 1.4 - .2 - .s 
2.1 - .4 - 1.5 - .;; 
2.4 - 1.9 - 2.8 - .8 
o - 1.2 - 0 - .8 
7.8 10 .8 -- .,3 ... 9 - .6 - ., 
1.1 - .6 - .2 
2,.8 3;; 
.6 - 1.9 - ., - .6 
1.2 - .4 - 1.8 - 1.0 
.5 - .5 - .4 - 1.8 - .8 
1.1 - .7 - .6 - .6 - .8 
.6 - .6 - 1.' - .;; - .8 1., - .5 - 2.4 - 0 - .4 
.4 - 0 
12.,3 14 1.7 - .4 - 1.4 - .4 
1.4 - .8 - 1.1 - .7 - 0 
2.2 - 0 - .6 
16.4 26 
.5 - 1.4 - 1.1 - 1.2 
o - .8 - 1.0 - .8 - .9 
o - 1.6 - .6 - 1.2 
1.8 - .4 - .8 - .6 - .4 
o - ., - 1.0 
8.5 11 
.6 - .5 - 1.1 - 1.2 -
;;.0 - 1.1 - .9 - 1.0 
1.6 
1,3.9 19 2.1 - .4 - .!; - 2.0 
.J - .7 - .6 - .6 - .6 
.1 - .4 - 1.1, - ., - .4 
.it - 1.1 - 1.2 
Experiment Number: 4 














o - .6 - 1.0 - 1.2 
., - 1.1 - .2 - .7 - .;J 
1.,3 - .1.6~ .,3 - 1.2 
.9 - .4 - ~. g - .1 - 1. ( 
o - .6 - .7 - .S - 1.0 
o - 1.5 - 1.7 - .7 
2.0 - .9 - .7 - .1 
1.4 - 0 - 1.6 - 1.1 
1.1 - .9 - 1.) - .6 
.1 - 0 
Experiment Number: 4 F11araeat. 90 





Length Number Length Distance Between 
-
8.6 12 .4 - ., ... ., - ,., - .4 
., - • 8 - 0 - 1., - 0 
" 
7.0 4 ,.1 - .9 - ~.O 
17.4 16 1., - .) - 2.0 - .,3 -
1.,3 - .,3 - 1.8 - .6 
1.,3 - .4 - 2.0 - 1.4 - 0 
1.0 - 2.0 
9.2 9 .J - ., - 2.0 - 2.' - 0 
.9 - .4 ... 1.9 
21.8 27 .9 - .2 - .5 - ., - .4 
.5-1.,- .) - .7 
1.4-
.6 - .6 - 1.1 
1.2 - 1.2 - ., - .J 
1.8 - 1.' - .9 - 1.6 
4.4 
7.1 7 2.2 - 1.8 - .8 - 1.1 
.6 
9.0 10 .8 - .5 - .,3 - 2.3 - ., 
,.8 - .6 - .4 - Q 
21.1 18 1.2 - ,3.1 - .4 - ., - .2 
• ,3 - .2 .. .2 - 2.2 - .7 
2.2 - 2.1 - 2.0 - .9 
2.0 - 1.4 ... 0 
11.2 l' 1.0 - 1.' - 1.6 - .9 1.7 - 1.2 - .9 - 1.2 
.1 - .6 - .6 ... 0 
8.9 8 .6 - 0 - 1.8 - 1.4 - 1.2 
1.1,. - 2.4 - 0 
Experiment Number: 4 I'llaaeats 91 




.-- ~--- - I 
Length Number Length Distance Between 
, 
~ 
Average. 12.1 12.6 1.18 
Experiment Number: .4 ftl.Maw 
92 
Incubation Time at 31'4 Hour at 'JgO C. 
Plate Count: 
Soma Fla •• lla 
-- " 
---
.. -...... -~ 
Length Number Length Distanee Between 
,8., 19 ,., - .9 - 6.4 - .9 
4.6 - 2.6 - 2., - 1.0 
o - .6 - 4.4 - .6 - 0 
.4 - 2., - '.6 - 1.9 
~ 
1-4.9 9 2.9 - 2., - 1.2 - 1.' 
.1 ... 2.2 - .7 - '.0 
1'.9 9 1.4 - .7 - 1., - 2., 
L.l - .8 - 2., .... 1.6 
13·4 6 ,.2 - 2.7 - ., - 2.9 
2 .. 1 
12.4 9 .3 - 1.7 - 1.4 - ,., - 0 
.6 ... 2., 
18.6 8 2.6 - .6 - 1.' - 4., 
1 .. 8 - 4.4 - 1.' 
22.' 10 1.4 - 4.0 - '.1 - 2.4 2., - ,.1 - '.3 - 0 
2.1 
19.8 10 2.7 ... .7 - .6 -1.7-
6.6 - 2.9 - 0 - 4.2 - ., 
10.0 , 2.9 - 1., - 1.9 - 4.0 
Ave .. age. 18.4 9.4 2.26 
4 111._\& 93 Experiment Number: 




-' .. "_. _._-_ ... 
Length Number Length Distance Between 
7.8 , 6.0 - ., 
1,).4 :2 ':h2 
" 
14.4 7 .6 - ,.7 -~1.;; .. ,., .. ( 
,.1 
;'4.2 7 .6 - 7.4 - 1.6 - 0 - 2.~ 
6.6 
18.7 4 1.) .. 9.9 - :hl 
9.0 4 ,., -.J.6 .... .2 
U.S , 1.4 - 1.3 
)1.0 I 4.8 - 1.8 - 4.) - 1.2 
~,.4 - 6.7 - 6.7 
U.O 2 4.1 
16.8 , )., - '.1 
........... 1'.9 4., ).40 
-
Experiment Number: 4 fUa.nt.a '1A 




: ____ •.• c -.- 'I I 
Length Number Length Distance Between 
1'.2 1 







21.0 , 10., - .9 
14.6 1 
11.6 1 
Averega. 16.4 .7 ,.,4 
.... 
Experiment Number: .4 rUaunt. 9S 






Length Number Length Distance Between 
14.2 2: 1.4 










4""8&.' 1',,5 ., 
Experiment Number: 4 Filament. 96 
Incubation Time at Hour at 2()O C. 




Length Number Length Distance Between 






to •• of' nag_Ua at ,gO C. J Ort.£lnA1 tnrtlll"llIWft .. 2.\P c. 
au.mary of Value. 
Hours of Av. Length Av. No. of Av. Length Av. Distance Plate % 
Incubation of Soma Flagella/ of Flagella 
Between Count Flagellated 
Individual 
Flagella 
Microns Microns Microns M/ML 
--------------
1 14.,.. 19.4 .94 
;;.: 12.1 12.6 1.18 
. 
J 18./, 9.4 .2.26 
<t 
I. 1'.9 4.,) ,.40 
, 16.4 t).7 









Experiment Number: 4 

































l.~ - 1.1 - .6 - .2 - 0 
1.2 - Q - 1.9 - 0 
.S - .8 - r.5 - .1 
., - .2 - 1.' - ., - ., 
o 
1.6 - .2 - .7 - 0 - .9 
o 
1.0 - 1.0 - ., - .9 - 0 
o - 1.0 - 1.0 - .2 
1.7 - 1.1 - .5 - ., 
.7 - 1,,1 - 1.0 
., - .6 - .3 - 1.1 - .4 
1.0 - 0 - .7 - 1.0 - ., 
1.2 - . ~ - .2 - 1.0 .... ; 
o 
.6 - .9 - 1.0 - ., - 0 
.4 - .2 - .2 - ., - 1.0 
.2 
.8 - .7 - .4 
.8 - .8 - 1.0 - .4 
.8 - 1.1 - ., - .7 - 0 
Experiment Number: 4 Short Rode 99 




..-~"' .~--~ ..... - ¥ I 
Length Number Length Distance Between 
,.4 6 o - 2.2 - ., - .7 - 0 
2.9 8 .2 - .6 - .~4 - o - 1.0 
.1.. _ ., 
~ 
2.9 6 o - 0 - .6 - 1.2 - .9 
-
Average, ,.2 6.2 .77 
... 
Experiment Number: 4 Short Rods 100 





I length Number length Distance Between 
3.4 4 .7 - 1.0 - 1.4 
, • .3 4 o - l.~ - ~ . .3 
.3.0 .3 1.7 - 0 ot 
,.0 '2 2.0 
,.4 4 .8 - 0 - 1.1 
2.7 4 .5 - .7 - .9 
,).6 7 .7-1.1- .7 - 0 - .8 
,., 4 1.0 - 1.0 - ., 
,).6 4 o - 1.H - 1.0 
,3.' 4 1.2 - .2 - 1.0 
,)., , 2., - () 
,).1 5 ., - .6 - ., 
,)., 6 .2 ... .8 - .8 - 1.1 - .4 
,., 6 1.0 - 1.6 - 0 - .6 
,.6 , 1.0 - 0 - ., - 2.1 
)., , 1.0 - .9 
,.6 , 
.9 - .8 - 1.5 - ., 
,.,3 4 .6 - .7 - 2.0 
2.6 ; .5 - .7 - 0 ... 1.2 
.. 
Experiment Number: 4 Short Rode 101 





Length Number length Distance Between 
,., 4 1.9 - .4 ... 1.0 
, 
<t 
AVerage' J.' 4.4 .97 
Experiment Number: 4 Bilor t Rf)da 102 





Length Number Length Distance Between 
3.' / ... J.J - 0 - ., 
').1 4 () - 1.6 - 1.' 
2.8 2. 1.6 ~ 
;?9 .2 2.8 
3.6 " ... 1.6 
,.1 2 1.1 
.3 ~} 
."" 
, 1.1 - 1.1 
.3 ':J .... :; 1.9 - 1.0 
2.6 2- .4 
2.8 ~, ,~ ;?l 
,., J 1 .. 1 - ., 
'.0 .2 2.2 
.. ~ .(J :3 2.4 - 0 
2.9 .2 1.' 
'.0 2 1.2 
,.0 , 1.2 - 0 
].5 1 
.. J - 1·3 .... 
,.J. J 1.,) - 1.1 
2.6 4 
.2 - .S - 1.2 
..... 
Experiment Number: 4 E'lhort Rodr! 103 




~~- -... ~-., I Length Number Length Distance Between 
3.' :4 1.4 
, 
~ 
1:"l'ag.' ).1 ~.6 1.3) 
Experiment Number: 4 Snort rloda 104 




.f'" ..... -w----.. - ,-
Length Number Length Distance Between 
2.7 J 2.1 - ~, . ..; 
J.l 3 2., - .-1 , 
~ 
2.6 3 2.6 - 0 
2.7 3 1.1 ... .1 
2.7 2. 1.0 
2.5 3 .9 
).5 3 .2 - 1.7 
3.' J. 1.9 
2.7 ;(; .6 
.3.6 .2 2.6 
3.1 .2 1.0 
.3.' 4 1.9 - .8 
2.9 ") If_ .6 
2.6 3 1.1, - .3 
).1 ;2 2.0 
).4 J .8 - 2.0 
'.J J 1.7- .1 
).5 .-} 4 2.1 
3·5 .2 1.1 
Experiment Number: if Shox't Rods 105 




.~ .. "_._-' 
I Length Number Length Distance Between 
~ I 
J.~ 2 3.1 
" 
~ 
Average. ,.1 2.6 1.4, 
-
106 
Experiment Number: 4 Ghort H,(jds 




~ .-~- - . '--'- . . 
























Experiment Number: 4 Sh.Qrt Hod. 107 


























Experiment Number: 4 Short Bod. 108 








Average. 2.9 .2, 
...... 
Experiment Number: .4 ru ..... 109 




Length Number Length Distance Between 




I~ 4- B 
Short Bode 
Lo •• ot Flagella at ,380 0 •• OrigInal Tempera tu.re was 20° o. 
$11111817 or ,alU •• 
Hours of Av. Length Av. No. of Av. Length Av. Distance Plate % Between Incubation of Soma Flagella/ of Flagella Flagella Count Flagellated 
Individual 
Microns Microns Microns M/ML 
-_.------
1 ,.2* 6.2 .77 
2 ,., 4.4 .97 
, ,.1 2.6 1 • .'33 " 
4 ';.1 2.' 1.~' " 
, 3.0 .20 2.30 
6 2.9 .2, 
7 
8 






Graph 4-A .l?r1ma.ry Temperature 200 i Seoondary 'l'.mperature 380 
. verage ~U~ er of l agel a per In iVl ual 
I 
1 
Time "'in Hours 
-=-
Graph 4- B Priman- !eempera ture 200; Seoondary 7emperature ;'f.C 
Average Distanoe et't; .. een Flagella 


























1 t , 4 ~ 
.... Time in Ho ur~ 
",. 
""-
Graph 4-0 Filament. Second&,ry Temperature 380 
~'e.:qu~n9'Y :::;cfl.b,t~1thlt1>ti~n ;·,ot: r1?J1:8:t~rteedi3e:t,w •• 'n. Fla.J~41aa 
Distance in l,ficrons 
Gr aph 4-D Short Rod_ Secondat;'y Temperature 380 





III . • 
- '" 
II 
-.5 1.0 30 0 3.5 >3.9 
Di st ance i n Microns 
115 
Results of Experiment No.4, 
From this experiment it is demonstrated that. 
1. Listeria monocytogenes is well flagellated at 200 c. 
2. The average number of flagella will decrease when incubated 
at ,38° C. 
,3. The average distance between flagella will increase at 
,38° C. 
4. At the seventh hour, the number of flagellated cells were 
practically absent. 
5. In the four preceding experiments, there is a qualitative 
correlation, but not a quantitative correlation between 
the measurement with short rods and those with filaments. 
116 
!R!!:!I!.9.t Ita ~ 
Uter _arplAtt.taa IIDd e.n&l.Tei1l or the tour preoetU.nc. XJl8~ 
it wu cone1uded tbat \be 1no:rea .. in the numlJal'" or 'fiable «"lIs, it f1IB!I', 
.hould 0. determined. 
!be tuet I.!V1es of plate <:wnta .1'8 pdo.,..d U £011.0_. Into 
200 JU. of cHitone broth tlU placed a l.oopf'tal of .. Gtuck RIIP nrioll et 
.,.. Ilc!ltS'teUD!e. '.ibis wu iru;ulJatad at e:l'thtu" 200 C. OJ' 380 C. tam • 
• light t.vb1d1t,. 'If" ev1dent. Without tmy ol~ • ~t.1cD ttn.perattmt, 
Pm~ • • _ reowd hourq tor a ni_ hou.r peJ'iod. !be PUS'PO- v .. to h.a'fe 
.. normal growth eurft at ti'd.e phaaa ot the growth c,.ele sa whlch tbe 
expel'1llalt .. run. 
IamlS' I·· , US 
J.. Or1paal Tap.ratu,._ ,tI' Q., Ieooadu',y TeapenWH " O. 
Dilutions 
Hour 11100 Thousand 1.1 till10n AV.~ 
dO 
1 2$0 - 213 - 197 21 - 2' - 20 - 21 21.8 
;2 3' - 49 - 38 - 38 '<) 
.3 108 - 93 - 10, - 9.3 99.7 
4 1.37 - 130 - 136 - 137 135 
5 197 - 167 - 16' 1'10.,3 
6 m - 198 - 229 - 206 211 
7 206 - 199 - 198 - 226 207.2 
.8 
"' - 227 - .209 - 226 22l.7 
9 272 - m - 28, - 281 277.2 
B. Original. Temperature .:;sO C., Secondar.y Temperature ')80 o. 
1)11utiol1" 
Hour 1;100 Thou.and 1,11Ull1on Aver:,_ 
x10 
1 190 - 198 2' - 20 - 23 - 18 2.3 
" 
37 - ~ - 3' - 30 :;7. , 
.3 95 - 98 - 89 94 
4 19' - 186 - 182 - 180 18,., 
, 196 - 192 - 188 192 
6 2,1 - 243 - 244 - 2'1 24, 
7 290 - 283 - 286 - 280 284.2 
8 261 - 269 - 2', - 284 266.' 
9 ':;9' .... 3'76 - 319 - J'l4 '78 
.... 
- E..!'D.£i!fJlt 10, S (2a~1M!J) U9 
o. Original Teaperature 2.00 0.; SeooBdaJ:'T Temperature '2tP o. 
D1lut1oaa 
Hour 11100 Thousand. 1.1 Million A •• p. 
Xl.O 
1 .12 - 4i - -'6 2 
2 ,1t-66-66 62 
.3 62 - 81 - " "., 
4 9' .... 96 - 9' - 93 94.7 
, U, - 11.3 - 11' - 110 11.3.2 
6 124 - 100 - 127 119 
7 l21 ... 187 - 176 120.' 
8 196 - 21.3 - 202 - 190 200 .. , 
9 2:J4 ... 2" - 2'0 2'9 
,0. Original '1' ....... 20° 0., 8eoonduJ' i'eapvatu.re ;,00 c. 
DUv.tiona 
Hour 1.100 Thouaan4 111 MUlion Ave .. Z'. 
xlO 
1 36 - 24 - .34 - 29 ,0.7 
2 
.38 - 37 .. J,;J - 37 .38 
.3 61-,9-70-70 60 
4 7.3 ... '7 - 62 - " 61.2 
, 73 - iIJ - 41 ... 76 '7 
6 120 - 90 - 9' - U, 10' 
7 ll8- 82 - 107 - 9' 100.' 
S 172 - 178 - 140 - 2.1) 180.7 
L 
raph 5-A 
Pl ate Count :· Original Temperature 380 ; Secondary Temperature · 38C 



















1 t j 
. . t 
.. . c: D ~me In '1!ours T 8 
, , 
Grap 5-B 









IT.l a> (Il 
·8 oM 
















1 2 ) , 1 8 
Time in Hours 
Graph 5-0 





" ~ rg I 
E 350 l 0 M 
~ g II) 
(1) .~ 
'r'I ~ I:: 0 
.-t ~ 0 0 
~ ~ 0 
M 100 (1) . ! = 





1 4 , 7 8 , 
Time in Hours 
Graph 5-D 























Q) ~ ~ z 








1 2 , T 8 
'I';mA in Hours 
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atsult8 ot ~a.tNo. S. 
... 
:r'trom the ... X(} ....... , 1t t .• ~ tMt 
1. Ia ......... the cOl'ft14tioa between 1a<i1T1.dul plate. at 
fIIl7 given hour 11 not beyorld t.he lJa1u of expI~Dt&l 
.,.,.,r. 
2. From. the plate count it appe&N that tha oulture 18 111 tbe 
late exponent1&l. phase_ 
" ~ t~r incubation at. tne __ tapen.t.ure, tbI 
mJltlpl1eatioft of f.bs orgall._ pro .... nol-.l.q. 
4. ft&e -.ucn tor tt. plateau or ·ewa.c:ea. SA plate oour.m 
131 u. sixth .. ..,.nth 01" ~ .... fit ~ ill -' 
clear. 
5. Thera 1. a turtbtr 1nc1'8Ull 1ft U. plate couau 111 tbI 
lIov tol.lc>wmg the ~wJ..1ac ott or 4ec1'8_ jn the CIOUDt • 
A plate count wu ...... in whicb the pd.ma17 1ncubatloD taperat~ 
.. )SO e.. cd the seCClldary _~tu:re vas 200 C. 'l'hIt change in 1DcubaUoo 
t«'lpefttU1'e was m_ after a rJir,ilt t1Jrbldlty .aa ev1derlt in tbtt oultArre 
incnbated at ,eo C. Af'ter th~ tj.ft''t allq:lo'bt,.. nam.oved, the tmdilakd 
Cult-UN wu placed in a 160 c. water batb for 5 minutes. ~n tbe culture 
'!ifU placed in the 20° C. incubator. 
".... plate. were j,~ouad and UpQl1 fiOlid1tlcat.1.on wra plaaod in tt. 
roo C. incubator. 'I'Vo ot.mr pll& tee were poured, ana of wb1c:h "as placed 1ft • 
)'f C. 1ncui:ator .. H.;e ot!.1er vaat lett at I':lQil. tAmtx.l"a:ttu"e. The purpose or tbt. 
'lid to fmd it the ineubat1(.n t.cmpsratul') l:ou.l.ti ai'teet U. plate count,. 
At eadh hour, four and or1 .... half :'111. of' cul:tu,. ... addM to Ofte<Iotball 
Ill. of tomaltn. AftAl' ano waa;h~ w1th d.i~t.1lla4 vater at 3.~ I tor lS 
minute. the ~nt W4Ui 8UAlpended in !5 ml. 01' d1.tUled water. 10 tour 
inch tube. " ... addN 0111 111. ot the _shed SUl;penBton. Usiag tM that tee 
as a standard,. the tur\l1d1tyof the other tubea was ~ by dtlutiOll wlth 
d1etilled ".1'. The ~nt of: density wae rough.l3' ap~rox1Mted by e;,e. 
The -_ pT'OMdure A8 follo_d for til. ~xpe.r1Mn't 1ft which the 
pr1laary 1neub&t1cn tenpJrd-tu.re was lOe C. ood the IltKKIlM17 talipltJ'ature wu 
380 c. 
_!nl ,t ft· !:t 
-
Cetmte Glve 1Jl !U,Uiu per ale 
1 J6-ll1.)6 )'1.6 ,S 11 
2 Jd.-SO·l&l k).6 ~ 
" 3 SO - • ., ... s) SO.O 61 ,.
4 8S -" - 60 ".6 7, 61 
S 86."-0, 80.) .,6 
" 6 "-80-9"1 91.0 101 91 
-
7 11&2 ... no ... ns 122.) lSO Uh 
8 118 - 196 - 17., 18).6 18ti B1I 
9 m ... 2').228 2)0 221 m 
Dll:at1oM 
Tube 1 I ;) L S 6 7 8 , 
1 al. 1 al. 1 al. 1 JIl. 1 111. 1 al. 1111. lid. 1al.. 
o.s 1 1.S 
" 
h S S 
1.0 1 1 !.s 
1 
1'0 tal. 
1 111. lid. 1.S Ill. 2 111. l.$' Ill. S Id. ., ale 7 111 • 8.; al. 
76 103 190 
'" . )2, 
91 122 
Hour Imubation '1'aperature ATaracr. lnoubation femperatu.l"e RoOll Tempera1aD't 
2()0 c. 370 C. 
1 38-)6-)0 
2 74 - 74 - 95 
.3 189 - 199 - 200 
4 210 - 212 - 2)0 
S ass - 281 - 29S 
6 3Sl - 361 - )hS 
7 429 - 417 - 430 
8 170 - 378 - 410 
D1lutiona 
















TUbe 1 234 S 6 7 8 








4 4 s 
1 
1 al. 2 ml. h al. 4 Ill. S 111. 5 ml. 6 ml. 6 Ill. 
RelatiTe number of cella per ml., bued 011 turbld1t1'. 









blat1Te nuaber of viabl. cells per ml., indicated by plate count. 
196 
P""" 
'.-d'" It· §:R l27 
Plate Oout. Or1g1JW. Tope:ratue 'SO Q., StHIorMSuy f_perature 'iI/i' o. 
,.. 
llUNbatlon'leapentun 20° C. 
Hour DUutiona Averaga 
1.100 Thousand ls1 tUllion 
1 6 - 10 - 9 - 13 9.' 
2 6 - 1.3 - 12 - 10 10.2 
.3 16 - 1.3 - 22 - 18 17.2 
4 32 - 23 - 2+ - )1 28.0 
, 140 - 51 - 46 - 47 46.0 
6 40 - 60 - " - 65 60.0 
7 lJ-ll.-7-lJ 11.0 
8 14 - 15 - 11 - 12 13.0 
9 21 - 25 - 2'; - 24 2).2 
D11ut1ou 
Tube 1 2 .3 4 , 6 7 8 9 
1 1111. 1 Ill. 1 ml. 1 Ill. 1 ml. 1 ml. 1 JIll. 1 Ill. 1 Ill. 
.2, ., 1 :2 3.' , 
1 1 1 
Total. 
1 mi. 1 Ill. 1 ml.. 1.2, Ill. 1.' Ill. :2 Ill. 4 tAl. ,., &1. 7 Ill. 
blatt ve nuaber ot cells pel" mi., balM on turbid! V 
10 10 10 12.' l' 20 4) 
" 
70 
Rela t1 va nuaber of via.ble celle per ml •• indtcated b,y plate count. 
9.' 10.2 17.2 28.0 46.0 60.0 110 1.30 232 
.... 
1!2!!1!!!ll!: i:R 128 
Plate Counts OI'1&1aal 1"nperature 21Jo ".; Seoonciu:r Teaperature )f/' c. 
Hour Incubation Temperature 200 c. 1'1'.", 
Oounta Given 1n Million per Ill. 
1 31 - 20 - )l - .26 27 
2 42 - 3) - 38 - 31 
.3' 
J 47 - 44 - 45 - -io 44 
it "-~-42-51 47 
, 70-72·,6-50 62 
6 60-'8-60-70 62 
7 64-58-6.2-40 
" 8 60-66-40-44 '2.4 
Dl1ut1.one 
Tube 1 2 
.3 it , 6 7 8 
1 Ill. 1 Ill. 1 1111. 1 Ill. 1 al. 1 111. 1 Ill. 1 Ill. 
., 1 1.S 1.' 1.' 2., 2 
., ., 1 ., 
ToteJ.s: 
1 ale 1.' ale 2.' Ill. 2.' al .. l Ill. , 111. ,., Ill. 3.' Ill. 
ft.elative number at celle per mI.., b&eed on turbidity. 
Z7 41 6S 68 81. 81 9' 9' 
Relative nwaber at viable cells per 11.1., indioated lV plate count. 













1 2 3 4 5 6 7 8 9 
Time in Hours 
t. 
Graph 6-A 
Plate Count: Original Temperature 38C; Secondary Temperature 20C 
350 - -
300 ---. 





1 2 3 
I 
4 5 6 7 8 9 
Time in Hours 
t. 
Graph 6-B 
Plate Count: Original Temperature 20C; Secondary Temperature 38c 
I _ 
I 'TO k H • l.me l.n ours , , • 
Graph 6-C 
Plate Count: Original Temperature 38C; Secondary Temperature 20C 
~~,~ t1 
































~ II ~ () 
<G 
• 
l ' ,J ., , 
...... Time in Hours 
l33a 
Result. of Exp~t 10. 6, 
'1'011 ExPtrlant _. 6-A. the data ind1eate. that 
1. "'plata count baa doubled in ntmber 1ft approx1mate17 
tOUf:' boura. 
2. TbrlJ .cmli pneration n!llllber at 1nd1v:1duala hU doubl_ 
in tte next three and ona-balf' houn. 
,. In 'lllOet or the platee at fIn3 one hour, thew seems to be 
littla dittenmce due to the incubation '-Perature ot tbe 
plate. 
h. The relative nW!lber of cell.s per ml., baaed OIl denB1tJT, 
1. tair1.1 COO.stant reI' the tirst tour tubes, aftel' vh1cb 
their nUlQber 18 greater thm tbD cbMrved ru.abetr of 
1nd1 viduals per ftl. 
Frol'l ~:er1mnt No. 6-B, t.te riat.,ft ~n{t.t..cat.ae t.hat 
1. The plate (ount has mCl"$A~ two t'c,ld 1n 1fu~8 than one 
b(l>,D'" at the f.l8conduy 1nclibat.1.on temr:erature. 
2. T;d S [;,acon:1 (m:a!"~t.iQn 1m!! n~~M!l'Od !,!;(;ai'l 1j{ithin the next 
hour. 
3. 1'h6!'!! i8 no anMrant ~1 f'fertH,.r.e 1l'l t'he !ltll!lber of 0\')10111 .. _ 
~'!' plate rep,:t'!"dlfl.9'$ of t;he 1.n(,llbat'ton temperature or the 
>nlate. 
1&.. TOO "lEtt.~v~: c 1: vlable e,lllJ ~t' mI., as indieat4d 
fran the plate count 18 app~:telT thll ..... tbI 
133b 
relatlve nuaber of oells per ml. 'bued on denslv for the 
flrst two hours cfter whioh the latter i8 les8 than the 
relative number of via.ble oells per m1. 
From Experlment No. 6-0, it eeems that 
1. The plate count has doubled ln number 1n leee then fo¥r 
hours. 
2. The second generation hae agun doubled before the n.tth 
hour. 
,. The relative number of oells Del' ml. based on turbidlt,r, 1. 
almost the same as the relatl VEl number of viable ceUs per 
ml. ba.ed on plate count for the f1rst two hours. After the 
f1rst two hours the latter 1s greater than the relati". 
nutler of cells per ml.., baaed on densi t1. 
From Experlment No. 6-D, it seems that 
1. The plate count has doubled in number between the fourth and 
fUth hours. 
2. The rela t1 'Ve number of cell. per atl.. ba.ed on dena! ty ls 
alW8Js greater than the relatlve number of 'Viable cells per 
1111. based on plate OOW'lU except for the first hour. 
133c 
NOlE. From tbe total experiment, 1 t 1. seen thbt tile relative 
number of cella per Ill., ba.ec:l on desl tq, 1s greater than the rela tl ft viable 
count 1n t1!iQ teats. The fir8t 18 when the original lncubation temperature was 
,00 C. end the a.oon46.ry temperature ia 20° Q. 'the other occurred when the 
primary temperature waa 2JJo O. ed the .. condary tempel'l:i.ture was ,.. o. It 1. 
felt that nth .light modification 1n technic that the procedure of match1ng 
turb1w.v mq be a relative effective "II/J'¥ of deterJI1rl1ng the approx1ute 




A loopEd of L. ~genes was inoculated. into 200 ml. ot 
o 
cuitone broth at 38 o. When dif,bt turbidity vas evident, tM bot. t.le W8IJ 
19l11O'ftd ftUl the 38° C. incubator to a water bath at 160 c. .A.f'tAltr rive 
o 
minutes, tb!t culture was placfut in a 20 C. incubator, end .-.plea rot' 
~, and plate cOW'lta lIreN ~ bour~. ". t1r~ 8IIIIPle .. J.'tb¥>w4 
befON pladn~ t·m oulture in the 11/' G. uw""er bath. 
r 
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Experiment Number: 7 
Incubation Time at let Hour at 200 C. 
Plate Count: 24a1111on per ce. 
Soma Flagella 
--
Length Number Length Distance Between 
2.1 2.2 2.5 1.8 2.2 All organ1 ... obaerv .. were non-nag.na.w. 
,.8 2.8 2.~ 1.~ 2.1 
2.2 2.8 2.7 2.4 2.6 • 
2.5 2., 2.' 2.2 ,.2 
~.1 2.7 2., 2., 2.0 
1.9 1.9 2.7 2.4 1,3.6 
2.7 ,3.6 2.6 1.6 2.) 
2.2 1.9 2.4 1.6 1.9 
12.2 2.1 4.6 1.8 1.8 
12.6 1.7 8.2 ,.' 1.8 
~.9 2.7 1 .. 7 2.1 2.7 
11.8 2.' 1.7 10.2 2.1 
3.1 2.9 1.6 2.6 2.4 
1.7 1.6 1.9 1.8 2., 
~.:c 2.8 2.8 2.2 2.7 
~., ,3.8 ).9 2.1 1.8 
~.6 2.0 2.2 11.) 2.9 
~.O 1.8 2.1 3.9 2., 
~ • .3 2 • .) 12.7 1.7 ,.0 
Ii.-, 2.1 1.6 1.8 .3.4 Averse·' 2.7 
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Experiment Number: 7 




Length Number Length Distance Between 
3·6 2.6 2.0 2.0 1.8 Allorlan1 ... ob .. ~ d were non-.flqel1atecl. 
.3.5 1.8 2.4 2., 2.2 
1.6 2.0 4.6 2.4 2 • .4 • 
2.1 1.9 2.1 1.7 1.7 
1.7 2 • .3 2.4 1.9 1.7 
1.5 2., ,).1 2.2 2.4 
3.3 1.9 3.0 2.1 2.2 
2., 4.8 4.1 1.9 1.7 
2.0 2.4 2.6 2.,) 1.9 
2.4 4.1 2.1 2 • .:; 2.6 
1.9 1.7 1.6 2.4 1.8 
4.9 1.8 2.0 2., 1.7 
1.9 1.8 , • .3 2.8 1.8 
1.8 4.7 1., 2.4 2.6 
1.7 2.) 2.8 2 • .3 2.2 
4.1 2.2 )., 1.8 2.7 
1.7 2.4 2.4 3.1 2.2 
~., 2.8 2.0 2.2 .3., 
~.O 1.6 2.1 2., 1.8 
!.a 2.4 2.4 2.1 2., A •• r ..... 2.4 
jiiiiiS 
Experiment Number: 7 137 
Incubation Time at 2nd Hour at 20° C. 
Plate Count: 18 million per ce. 
Soma Flagella 
--
length Number length Distance Between 
2.6 2.9 2.4 2.6 1.4 All or,W ... ob .. " ~4 .. ere non-tl.,eUated. 
2.9 2.0 2.8 1.8 2.4 
• 2., 2.7 2.8 2.0 1.8 
,.2 ,.1 2.1 2.0 2.) 
1.6 1.9 2.2 2 .. 5 2.4 
2.6 2.2 2.0 2.2 2.0 
2.9 2., 2.S 1.' ,.1+ 
4.0 1.9 2.:; 2.0 2.0 
2., 2.0 2.9 2.8 :;.8 
1.6 2.0 ,.8 1.9 2.1 
2.0 2.7 2., ,.2 2.6 
2.4 2.1 ).7 3.0 2.0 
~.4 )., 2.0 1.7 2.0 
~.2 2.1 2.2- 2.1 2.7 
~.o 2.6 2.0 1.6 4.8 
~., 2.5 2.6 2.0 2.8 
~.o 2.2 2.8 2.5 1.9 
~.2 2.6 2.1 2.1 2.6 
~.O 2.9 1.9 2.0 ,3.0 
B.:...2 1.8 2.' 1.~ 3.1 A.erue, 2.4 
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Experiment Number: 7 




Length Number Length Distance Between 
2.7 3.0 1.9 2.8 2., ill organl,., cbse" ltd were non-fiagellated. 
2.8 2.8 8., 2.4 2.0 
• 
2.2 2.2 2.4 2., 2.8 
2.7 4.4 2." 2.8 ,., 
2.8 .3., 2.7 1.' 3.4 1., 2.2 2.1 4.6 2.2 
2.4 1.9 '.9 2.1 1.~ 
1.7 1.8 4 • .3 2.0 2.' 
2.1 1.9 2.1 ,.4 2.2 
4.1 2.1 1.' 2.6 2.1 
~.8 2.0 2 • .3 ,. , '.0 
~.2 1.8 1.8 2.1 2.2 
~.9 1.2 1.6 2.2 2.2 
~.3 2.' 2.0 3.0 1.5 
R.2 ,.2 3.' .3., 1.8 
~.8 2.2 3.0 2.4 2.1 
1.7 2., 2.9 2.0 2,.7 
3.1 
.3.2 .3.0 2.0 1.6 
1.4 2.8 2.7 2.6 2.' 
~6 2.7 2.6 2.8 2.0 Average: 2.6 
p 
7 139 Experiment Number: 
Incubation Time at 3rd. Hour at 20° c. 
Plate Count: 1, million per co. 
Soma Flagella 
--
Length Number Length Distance Between 
2., 2.7 2., 4.0 2.0 All orgontSJlS obe." ~d were non-flagellated. 
2., 3.2 2.9 2., 4.1 
2.6 ,.8 4.1 2.8 1.8 • 
2.,3 1.9 2., 2.1 2.7 
,.0 2.8 , • .3 ,.1 2.1 
2.1 ,.2 ,., 2., 2 • .3 
2., 2.,3 1.9 2.7 2.2 
2.1 4.0 1.9 ,.7 1., 
2.1 2.2- .3.1 ,.0 ,.2-
2.2 ,3.9 2.8 2.) 1.8 
Average • 2.7 
..... 
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Experiment Number: 7 




Length Number Length Distance Between 
2.7 .3.J )., 2.' All organ1.a. obserYl ~ were non-n .. el1ated. 
2.4 2.2 2.9 ,.6 
• 
2.5 ,.2 2.4 2 • .4 
2.1 4.2 4., 7.0 
2.1 4.0 2.' 2.7 
'·3 3.2 2.7 2.6 
2.0 ,.1 2.1 2.1 
2.7 2.0 2.,3 ,3., 
2., ,3.,3 2.1 3.2 
2.8 ,3.0 '.7 3.3 
4.6 2.9 J.5 2.0 





Experiment Number: 7 
Incubation Time at 4th Hour at 200 C. 
Plate Count: 2, m11110n p.r 00. 
Soma Flagella 
--
Length Number Length Distance Between 
,.1 3.8 2.S 2.S 2.' All orcan1a .. 00"" d were llon-fiaael1ated. 
2.1 ).2 2.7 1.9 2., 
• 2.' 3.3 ~.9 3.5 2.4 
2.6 2.1 :G.' 2.4 3 .. 8 
12.0 1.8 2.7 1.6 3.4 
~.J+ 2.9 4.7 4.1 3.7 
~.9 2.6 3.0 2.9 2.1 
;2.0 1.8 1.6 2.7 ,.6 
~.2 ,.4 1.8 2.8 2.8 
:!.3 2.1 ,.0 2.8 '.2 
.7 6.4 2.8 2.8 2.4 
D.1t 2., 2.2 2.6 1.7 
).3 1.8 2.8 2., 2., 
.1 2.8 2.4 ,.1 2., 
.8 5.8 2.4 2.0 1.4 




Experiment Number: 7 




Length Number Length Distance Between 
).2 1.9 l.'~ 2.1 3.2 All organiSlIs obsen ltd were non-fiagellated. 
2.9 '.) 2.8 2.2 ).0 
• 
2.9 ,.0 1.9 ).' 2.0 
4.4 2.2 2.4 1.6 2.2 
3·1 2.0 2.1 2.1 ).2 
2.0 4.9 2.' 2.0 ).1 
2.9 ).0 ).) 2.1 1., 
5.4 ).) 1.6 h.1 ).6 
3.0 2·3 3·7 2.7 3.1 
2 • .3 .3.0 2.6 2.0 2.1 
3.2 2.7 6.4 2.4 2.9 
1.7 4.7 2.4 1.9 2.2 
3.5 1.7 5.5 .3.7 3.6 
~.8 1.7 .3.0 1.) .3.0 
~.5 ).2 .3.4 1.6 2.' 
,Average. 2.9 
p 
Experiment Number: 7 143 
Incubation Time at 5th Hour at 20° C. 
Plate Count: 31 .. ' 
Soma Flagella 
--
Length Number Length . Distance Between 
1.6 1 ., 
2.1 1.6 3.0 2.0 
• 
1.7 2.0 2.0 ,.0 
2.5 2.1 2.9 2.0 
J2 ":\ 
'"" 
'.1 2.7 2.0 
12.) 3.1 .3.2 J.O 
12.4 1.8 2.5 2.3 
~.l 2.0 ,.1 2., 
~.9 1.7 1.7 1 .. 4 
~.O 2.8 2.8 2.1 
~., 2.9 2.7 1.8 
~.8 ,.4 2.' 2.0 
~ .. l 1.9 2.4 2.2 
~ • .3 2.1 4., 
A .... rage. 2.4 .02 ., 
"-
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Experiment Number: 7 




Length Number Length Distance Between 
'.2 1 .4 
2.8 1 ., 
• 
2.8 1 .9 
,.0 1 ., 
1.8 1 .8 
1.6 2.4 1.6 2.8 
1.9 2.8 2.7 '.9 
2.1 ':;.6 2 • .3 2.7 
2.2 2 • .3 .3.0 2.4 
2.6 2.7 2.1 2.0 
2.4 2.2 2.8 J.O 
2.5 1.' 3.3 2.2 
2.2 ,.8 1.4 2.0 
R.3 2.1 '.5 2.0 
2.1 2.1 2.5 1.9 
2.3 1.7 2.3 ,.6 
~.7 
Average I 2.5 .1 ., 
-
,7 145 Experiment Number: 
Incubation Time at 6th Hour at 20° C. 
Plate Count: 44.~ aUllon per oe. 
Soma Flagella 
--
Length Number Length Distance Between 
,3.4 1 .7 
1.9 1 .6 
1.6 1 • 4 • 
2.2 1 1.6 
2.:; 1 .8 
1.7 2 2.4 - 1.2 1.2 
2.7 1 .7 
2.' 2 1.7- .4 1.6 
2.0 1 .6 
2.8 1 .7 
,3.5 1 .6 
~.J 1.9 2·3 2.2 
~.6 ,3.0 1.9 2.4 
~.2 1.9 ,3.8 1.2 
t2.0 2.6 2.2 2.3 
~.o ,3.6 1.7 1.7 
~.8 2.0 1.6 2.4 
... ·5 2.8 2.' 2.4 
R.o 2.0 2.4 3.4 
~ 2.0 2.1 1.8 
p 
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Experiment Number: 7 
Incubation Time at 6th Hour at '2£)0 c. Oontinued. 
Plate Count: 44., 1i1.111on per oc. 
Soma Flagella 
--
Length Number Length Distance Between 




Experiment Number: 7 




Length Number Length Distance Between 
,., 2 2.1 - .7 2.6 
2.7 
• 
2.3 2 3.0 - .6 1.6 
1.9 1 1.0 
1.9 1 1.0 
1.9 1 1.3 
2.7 2 2 .. 3 - .9 1.' 
2.7 2. 1.9 - .3 
1.9 1 .4 
2.1 
2.7 1 1.8 
2.6 1 ., 
'.9 .2 1.3 - 1.2 1., 
2.9 1 1.1 
1.5 1 .S 
2.4 1 
·3 
.3.2 1 • , 
2.4 2 2.6 ... 1.4 1.' 
2.,3 1 .8 
.... 2.4 
Experiment Number: 7 
148 




Length Number Length Distance Between 
1.9 1 .8 
1.8 1 ., 
• 2.8 1 1., 
2., 1 2.0 
1.7 :2 1.' - ., 1.1 
1.2 1 .,) 
2.4 
2.1 1 1.1 
2.0 1 1.1 
1.6 2 .8 - .4 .4 
2.6 1 1.1 
1.8 1 2.0 
1.7 2, 2.5 - 2.2 
5.0 1 ., 
J.1 1 .5 
1.8 
1.8 :2 1.7- ., .8 
1.4 1 .9 
2.9 1 .4 
-
4.9 
Experiment Number: 7 149 




length Number Length Distance Between 
2., 1 1.9 
2.' 1 1.0 
• 
2.9 1 .3 
2.' 2 2., - 0' 1.4 
2.2 1 .8 
2.6 2 2.' - 2.0 1.7 
2.2 1 1., 
2.1 1 .4 
.... 
Experiment Number: 7 150 




Length Number Length Distance Between 
1.8 2.1 1.8 3.0 1.9 Jo tlagalla. oDserved. 
2.5 2.0 2.3 1.S 2.5 
• 
2 • .3 2.9 2.,3 2.2 2.6 
2.7 2.4 2 • .3 1.4 2.1 
2.0 2.4 3.0 1.' 2.2 
2.1 2.2 ,.0 2.4 2.0 
3.2 2.0 2.1 2.0 2.1 
2.6 1.' ,.0 1.7 2.0 
2., 2.4 2.1 2.1 4.0 
).1 2.6 1.4 2.) 2.8 
2.0 2.1 ,.0 2.8 2.0 
Avenge. 2.4 .S 11.6 1.4 
-
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Experiment Number: 7 
Incubation Time at 7th Hour at 20° C. 
Plate Count: 59 a11110n per cc. 
Soma Flagella 
--
Length Number Length Distance Between 
2.0 2 I.t .4 - 2.6 .4 
2.7 1 1.4 
• 1.8 1 .. 5 
1.6 .2 ,.1 - 1.5 .7 
2.6 1 I.) 
2.) 
1.6 2 ,.4 - .5 1.1 
2.9 4 2.4 - 4.4 - 1.2 - .~ .4 - .5 - .6 
2.6 1 .9 
2.7 
2.0 1 • , 
2.6 
1.9 1 .2 
2.0 1 2.9 
1.7 1 2.0 
2.7 
1.6 
1.9 1 1.4 
1.6 1 1.7 
..... 
1.9 1 1.8 
Experiment Number: 7 
152 
Incubation Time at 7th Hour at ~O C. Continued 
Plate Count: '9 million per cc. 
Soma Flagella 
--
Length Number Length Distance Between 
2.8 2 1.1 - ., ., 
3.8 3 1.9 - ., - .7 1.t. - .8 
• 2.3 2 3.6 - 1.2 1.0 
2.7 2 ).5- ., 1., 
2.1 2 2.4 - .7 1.0 
1.7 1 2.0 
1.7 1 2.1 
2.1 1 .4 
2.2 1 .9 
2.6 1 2.1 
2., 1 1.7 
2.6 1 2.1 




2.4 2 1.6 - ., ., 
1.9 3 3.4 - 1.5 - 3.3 .4 - .6 
1.' 2 3.3 - .7 .4 
,.0 
.3 ).0 - 1.0 - .7 .8 - ., 
5.2 
.3 2.8 - 1.3 - .4 1.8 - .7 
-
6·3 2 4.0 - 2.) 1.3 
F 
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Experiment Number: 7 
Incubation Time at 7th Hour at 2tJO c. Ooltt1nlle4 
Plate Count: 59 million per 00. 
Soma Flagella 
--
length Number Length Distance Between 
2.0 3 2.6 - 1.9 - .8 .6 - 0 
2.1 1 1.6 
• 
2.' 2 1.6 - ., ., 
2.2 2- 2.3 .... 7 0 
1.9 1 2.1 
2., .2 1.0 - .J .5 
2.1 1 .8 
1.8 1 1.9 
2.6 2.2 2.' 2.6 ,.6 
1.7 2.1 2.7 1.7 2.6 
1.7 2.3 2.3 ).6 ).0 
2.2 2.7 '.5 2.0 2.0 
~.6 1.8 2.1 1.9 3.9 
~.2 2.2 




Experiment Number: 7 




Length Number Length Distance Between 
2., 2 2.0 - .S .4 
2.1 1 4.2 
• 
2.1 2 2.7 ... .9 .7 
).0 .2 .8 - .6 1.8 
2.2 ;2 ,).1 - 1.1 0 
3.1 7 ,.4 - .4 - ,.4 - .5 o - .5 - 0 - 1.4 - .6 
.:;.3 - 1.0 - .6 
2.1 .2 3.1 - 1.8 .4 
2.3 2 2.' - ,4 1.0 
2.6 
.3 1.6 - 2.0 - .4 .9 - .4 
,.7 6 2.8 - .5 - 2.7 - 1.4 
2.5 
1.9 ) 4.0 - 2.2 - 1.1 1.2 - 0 - .4 
2.8 .2 2.1 - .) .7 
4.7 7 2.2 - .6 ... ).2 - .9 1.4 - .4 - 1.' - .S ).5 - 1.2 - 1.8 o - .2 
2.0 
1.9 1 1.6 
2., 1 1.8 
,.2 
.2 1.8 - 1.6 1.9 
-
Experiment Number: 7 155 




Length Number Length Distance Between 
,).7 J 1.8 - 1.9 - 1.9 2.9 - .3 
2.0 ;'. 4., - 2.4 .8 
4.0 4 4.7 - .4 - 2.5 - 2.8 • 2., - .5 
1.8 
2.2 
2.4 .3 1.6 - 2.7 - 1.8 1.0 - .8 
,.6 
2.8 
2.7 , ,., - ,).2 - 2., 1.6 - 1.1 
2.2 4 .6 - 4.' - ,.2 - 1.9 .9 - 0 - 1.1 
2., 1 1 • .2 
2.9 .) 2.2 - 2.6 - 1.4 1.4 - 0 
2.7 
2.6 2 2.2 - 1.6 .6 
)",.4 7 I., - 3.8 - .3 - 1.' 1.2 - 2.0 - .7 - 0 - 0 
2.6 - ,.1 ... 2.7 0 
,.2 1 1.0 
1.9 1 2.0 
2.1 1 1.7 
,.1 2 3.4 - .6 2.2 
--
jiiIi* 
Experiment Number: 7 156 




Length Number Length Distance Between 
2.,3 .2 2·3 - .2 1.4 
2.1 
.3 4.1 - 1.7 - 2.' .7 - 0 
• 2.7 2 2.1 - 1.1 • 4 
2.4 2 ,.1 - .7 .. 6 
).0 1 2.0 
1.7 1 .9 
1.5 ;2 2., - .-4 0 
5.6 6 2.1 - .2 - I.' - 1.0 1.' - .7 - 1.6 - .4 - 0 
1.6 - .8 ... 1.5 
1.8 1 .7 
z.o 1 1.9 
2.9 1 2.4 
2., 2 2.6 - .8 1.8 
2.4 
.3 2.9 - .4 - .8 1.1 - 0 
1.7 2 .. ' ,.6 2.2 
1.9 2.4 
Average, 2.6 2.0 1.9 1.04 
,.... 
Experiment Number: 7 
157 
Incubation Time at (~th Hour at ;mO C. 
Plate Count: 81 a11110tl per co. 
50llla Flagella 
-
Length Number Length Distance Between 
2 .. 0 .:3 4.4 - .7 - 2.8 .1 - 1.6 
1.6 1 1.8 , 
• 
2.:l 1 .2 
1.7 .:3 , .. ' - .S - 1.1 0-0 
;.;..1 1 2.7 
2.8 3 1.7 - ,.2 - 2.) 1.4 - .9 
1. 1• 1 2.2 
l.g 
.3 .7 - 1.i• - 1 •• 1 .4 
2.1 :2 , .. 1. - 2.4 0 
2.a 
2.7 .< l.~ - .5 1.0 
') -» 
.: .. '" 
~:.) :2 1.3 - .8 .9 
1.9 
2.2 , 4.g - 2.9 - .6 o - 1.0 
).,) 1 2.' 
1.9 4 3.2 - 4.8 - 1.2 ., - 0 







Incubation Time at 8th Hour at 2d' c. Oont1nued 
Plate Count: 81 z111ion per ce. 
Soma Flagella 
--
Length Number Length Distance Between 
1.8 2 1.9 - 1.9 .9 
~:.7 • 2., - 1.6 - 1.8 - 4., 2.0 - .1 - 0 ; 
2.6 ., 2.5 - ,.1. - 2.' 1.6 - 1.7 • ... 
1.8 1 1.4 
:1:.1 
z.o ;; *' .. 9 ... .) 1.2 
1.7 2 ,.1. - 2 .. 7 0 
2.0 2- 2.1 - ').9 .6 
2.!t 6 2.7 - ./t - 1.7 - 1.4 .7 - 0 - .9 - ., - .4 ).3 - ).1 
2.7 2 2.3 - 1.Q 1.9 
2.5 ,) :;.s - ,.1. - ,., .4 - 0 
1.6 1 2.9 
2.0 ,3 1.0 - 2.8 - '.8 ., - .8 
1.1 '" 2.7 - ,.6 1 • .2 It, 
2.2 1 .7 
2.9 :; '.9 - 2.1 - .9 1.9 - ., 
2., J ,.6 - 1.0 - ., 1.2 - .7 
1.9 ;; 1.2 - 2.7 .8 
'.7 • II 2.8 - .7 - J.1 - 1.8 .8 ... 1.2 
... 
p 
Experiment Number: 7 159 
Incubation Time at ,1t,1l Hour at ;XP C. Oontinued 
Plate Count: 81 .111ion per ceo 
Soma Flagella 
--
Length Number Length Distance Between 
2.9 , 4., - 1.4 - 1.6 - 1.' 1., ... 0 - 1.A. 
4..0 
1., . .'3 
.9 - 2.2 - 2., 1.1 • 
2.6 2 ,.;;; - 1.0 .9 
2.4 2- 1.9 - 1.0 1., 
1.7 1 2.1 
,.2 .2 4.5 - ,.S 1.' 
).0 :2 ,.8 - ,.8 ~.l 
,.2 4 .2.8 - 2.6 - .4 - 1.9 .9 - .9 - .4 
2.8 .; 2.' - 2.' - 2., ., ... 1.0 
:z., 4 1.6 ... 4. ~ - .'~ - 1.6 1.1 ... .6 
2.1 ).4 3.0 2.2 
1.9 2.' 1.9 1.9 
2.4 2.2 2.7 j.4 
1"1' •• ' 2., 1.7' 2., 1.00 
.... 
-Experiment Number: ? 










Number Length Distance Between 
.7 .... 8 ... 0 
.7 - .6 
1.' - 0 
1 1.) 
4 2.8 - 4.1 - 1.0 - 1.2 .7 - ., - 1.0 
S J.O - 1.' - S.~ - ,.2 0 .... 7 - 0 - 1.6 1.' 
, 2., - 1.7 - 4., 
2 '.6 - 2.8 
J ).0 -). - '.2 
1 1.8 
.9 - 0 
.6 
.8 - .7 
1.2 - .8 
4 2.7 - 1.2 - 2.' - '.0 .7 - 1.8 - 2.2 
p 
161 
Experiment Number: 7 




Length Number Length Distance Between 
:.?o ':! 1.6 - 1.7 .9 
2.) 2 ,.9 - 2.' 0 
;).1 .. I ).6 - ~.9 - 4.7 ... 2.8 .i, .. • ,+ 
.5 - .6 
2.6 1 1.9 
2.~~ 1 2., 
2., 
~. ;,~ (, ,., - I 
- J.;:; - .8 .7 - .~ - 0 - .4 - ., ."i 
,., - ;!., 
-
2.1., - .;:; .6 
2.0 :2 .... ' ,:,.,.,4 ... ., .6 
2.2 2 2.7 - ' .. 9 1., 
,.2 'J 1.1., - ,., 2.6 
2.9 ) ,.1 - 1.,' 
-
4.8 
.7 - 1.0 
2.1. , ,., - 4., - .9 1.0 - 1.0 
~? 5 J 5.6 - 2.9 - '.7 .7 - 1., 
~.9 , 4., - 'oJ - 1.1 - 2., .7 - 0 .. .4 - ., ).J 
2., 1 .4 
;"'£.0 0 





Experiment Number: 7 162 




Length Number Length Distance Between 
1.t; 4 d.9 - 5.0 - ., - ., 0- .9 ... .6 
).0 ;( ).6 - 1.9 
• 
1.7 J .7 - '.0 - 2.4 1.0 .... 0 
:... .. 1 1 ,.6 
.;1;.' 1 .6 
,.0 J ~.O .. S.4 - ).0 1.Q - .8 
,.5 1 .3.6 
~.5 " .7 - 1.6 1., .... 
.... j, • 4.· .. 
2.6 ;2 .5 - J •• , .6 
~.l ;: 2., - 4 • .1 1.0 
:~.l .; ., - J.J.~ - 2.2 1 .. , - .) 
2.7 
" •• .1"&1.* 2.4 2.' 2.8 .88 
... 
p 
Experiment Number: 7 163 
Incubation Time at 9_ Hour at 2.00 C. 
Plate Count: 99 aUU.on pel" co. 
Soma Flagella 
--
Length Number Length Distance Between 
2.;t 
.3 4.6 - 2.0 - 1.7 1.,3 
-
.2 
,).4 , 2.'1 - ~,.l - ;11.9 - l.S .7- .;( ... 'I)' - .4 - 1.2 
1.9 - .9 
• 1.' 1 1.7 
2.1 ;. 2.7 - 2.7 - 1.0 - 1.0 2.0 - .,) 
.2.' 1 .6-
';.1 6 2.7 - 1.1 - 1.9 - ,.2 J .... ,* .. 0- .7 .... .9 
1 • .) - • 9 
il.7 2 2.' - ., 0 
.2 t 
."" 2 2.' - 1.2 .4 
.;.+:., 
.2 ,.0 - ,.4 .2 
~'19 
1.' 2, 2.9 - ~.o .8 
;(.4 4 
.6 - 1.1 - 1.6 - 1.8 1.4 - 0 - .2 
,,~;; ..,., 
.1.1Ii :t 1.;) .. .7 0 
2.2 4 
.7 - 1.9 - ,.1 - 4.6 .7 - .7 - 0 
~., 1 .6 
2.6 , ., 
-
1 ... 0 - 4.0 - 1.6' 1.1 - 1.1 - 0 1., 
4.7 
1.7 , ' .. , - .8 .... ,.6 , .9 .'k, .. 
-
F 
Experiment Number: ? 164 
Incubation Time at 9t.b Hour at 20° C. Oorrttlll_4 
Plate Count: 99 a1.111oa ~r CO. 
Soma Flagella 
--
Length Number Length Distance Between 
2.4 .2 1.7 - ,., 1.' 
2., 2 2., - 4.6 1.1 
2.6 ) 2.0 - ,.8 - 1 •• 2 l.i~ - 0 • 
1.7 '; t/O,. ,.4 - 1.1 .1 
2.:; ;C 1" l 2 .. ,,;\ - .' .6 
2.8 4 .l.:} ... ,.6 - .8,- 1., l.~ - 0 
,.0 
2.4 ;; J.;t - .4 1.2 
2.6 1 2.1 
;;;., 2 4.7 - 1.0 1.6 
" l.' ;) 2.1) - 2.8 - .9 1.k ... 0 
2.7 1 2.0 
1.1 , 2.15 ... 2.' ... 2.9 
,.8 4 fl.' - .. 2 .. ;i~.) .. .6 .4 - .6 - 1.0 
2.7 
1.9 , 2.0 - 4.;? - 1.4 • .4 ... ., 
2., 4 .9 - ,., - 1.9 - ,.0 .9 ... .6 - 0 
1.9 , 2.) ... .9 ... ).0 .8 
).7 1 1.1 
,.2 1 . , eif 
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Experiment Number: ? 
Incubation Time at 9th Hour at ~ C. Cont1nl;le4 
Plate Count: 99 al1110n p*r cut. 
Soma Flagella 
--
Lengt~ Number Length Distance Between 
2., ;( 2.~ - 1.1 1.1 
2.6 
• 
,.2 2 1.) - .8 1.6 
1.7 J 1.9 - 1., ... 2.6 .i. _ ."~ 
2.4 , ~.l 
-
1.6 - 4.4 ... ).7 l.··~ - '1- .1 
4.7 
2., , 2.1 
-
.v ~ :?l 1.0 - 0 
2.0 , .9 - 4., • 1.6 - 2., 1.' - .~ - 0 ,., 
2.1 i!~ '.ij - ).1 1.0 
1.7 , 4.7 - .<.6 - ~~,,4 .8 - ., 
;:'.7 ;; i..1 - ,.2 .... 1.) :; - 1.0 
2.0 1 ).1 
.2.2 
Average • 2.' ;:.4 2.2 .8.4 
... 
TAILE 7 - A 166 
0 Original 'l'eilpel"atuh .... 20° o. Lo •• of 'lagella at)8 0., 'c 
8wo.ar.:r of Valu •• 
Hours of Av. Length Av. No. of Av. Length Av. Distance Plate % 
Incubation of Soma Flagella/ of Flagella 
Between Count Flagellated Flagella 
Individual 
Microns Microns Microns M/ML 
-_._-- ----~-
1.0 2.7* 24 0 
1., 2.4 0 
2.0 2.4 18 0 
2.' 2.6 • 0 
).0 2.7 13 0 
.;., 2.9 0 
4.0 2.8 2, 0 
4., 2.9 0 
'.0 2.4 .02 . .; )1., .2 
,., 2.' .1 ., 10 
6.0 2.) .2 1.0 1.4 .44., 22 
6.' 2.4 ., 1.1 1.4 4J. 
7.0 2.4 .93 1.7 .78 ~9 66 
7., 2.6 2.0 1.9 1.04 '?9 
8.0 2.) 1.7' 2.) 1.00 Sl 71 
8.' 2.4 2.3 2.8 .88 90 
9.0 2.' 2.4 2 .. 2 .84 99 90 





'1rap. 7-A Primary Temperature 380; Seoondary Temperature 200 
• vera e .~umber of Flagell a per In i vidua 













6 1 8 
.9 
Ti me i n Hours 
Graph 7.-B 
Lverage l'l'}.rnary 1'6 per..a.turs 38c ; Secondary 1'emperatur. 200 is(,unce Bet1;leen F'l age l la 
8.S , 
Ti Me in How · s 
Graph 1-0 Secondar, Temperatar e 200 Shf>r't Rode 

















.S 1.0 1.5 2. 0 2.S 3. 0 3.5 
..... .Jli..s.t::lTl~A ; Tl Mi c'rnns 
p 
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Results of E:;Qer1ment no. 7: 
Fr'""m this fJxpl.u·imnt it is 1nd.t.cated that 
1. I'rb~:$:1o a lag r~ in th~ gfOuth of f?..agelJ.a from :ss0 o. 
1ncubatic:n temperatul& to a 20- o. tamperatu:re. 
2. 'Itte aver-ace number of tlaee1lA illcreaeee 1Ib11.e tbI _WJ1818 
distance bet1aen fla~.lla de019asa •• 
,. After a. _ere_ in ttl. I).late count, br& i. a !"1M ... 
99 million per ml. 
4. 'The ~rcent or flagellated organims 100%9&888 t.o ntMt7. 
s. BeeatU3e of the time interval between t. _aa~ta 
taken on the l.ength of the tl.agella and tba det1e1eaq 10 
tha a.eer of _uu~ts tht rate of po".Itih of ta. 
tlagella WM 11)' computecl. 
170 
A port1~n (,!' the stock ~u.t,ure of i.1, ncn~sttgem8 was inoC";.I.latecl 
1nto 200 ee. of ca.s!tcm br~h illd pl&ced :tn. ~ 3(:0 c. incl.:.bat-or. A.tter tour-
teen to .fltteer. bOUrff a f.H..r;ht turbidity t>;as svtdent eL."d an alic;uot vas 
removed tor etain.s and pla~ «nmt. lll'l.dilt.ttl'rd 't&'1e culture WM t~n'ed to 
a 16°C. water bath for fivo minutes a!'t..er 1';~:.1eh it was placed in a 200 O. 





Experiment Number: 8 171 
Incubation Time at lilt Hour at 20° C. 
Plate Count: 23.7 million per eo. 
Soma Flagella 
--
Length Number Length Distance Between 
12.8 ,3., 10.6 10.3 No n.,ella observed. 
6.6 6.3 '.1 6.0 
114.9 2.' ,.7 )., • 
7.0 2.6 16.' 4.8 
7., ,., 4.0 2.7 
3.' ,.1 24.6 6., 
8.0 2.4 4., 9.7 
8.0 7.7 16., ,., 
18.9 ,.1 ,.0 3.7 
'.8 8.2 7.1 2.6 
A.verage. 6.9 
172 
Experiment Number: 8 
Incubation Time at 2nd Hour at 2lfJ c. 
Plate Count: 31.6 million per co. 
Soma Flagella 
--
Length Number Length Distance Between 
22.7 6.S 11.7 16.7 No nagella obaened. 
6.6 27.9 22 • .3 .3.7 
:;.9 ,4.7 7.4 '2.9 • 
9.8 16.6 6.5 8.1 
23.0 9.4 27.2 '.3 
14.4 4.4 7.1 4.0 
9.6 8.2 7.4 7.7 
2:;.1 4.1 ,.2 4.7 
'.1 8.4 4.1 12.7 




8 173 Experiment Number: 





Length Number Length Distance Between 
10., ,.6 7.1 4.7 No nepu. ooevved.. 
17.4 7.2- 1,3.8 7.9 
• 
4.9 9.7 6.1 6., 
7.' 7.2- ,.2 1'.9 
6.0 2.4 10.8 2.7 
,.4 4.0 6.1 14.7 
'.9 14.7 12.0 8., 
7.9 2.4 18.2 J.8 
6.2 6.1 5.6 U.1 




8 174 Experiment Number: 
Incubation Time at 3rd Hour at 20° c. 
Plate Count: 71 million per co. 
Soma Flagella 
--
length Number Length Distance Between 
)., 1.3.0 ,.6 ,.8 No tlapl1a observed 
1).6 17.6 8.) 12.2 
9.4 2.' 7.4 • 4.0 
9.4 9.6 4.7 2.6 
'.9 5.0 U.S 7.4 
5.' 4.3 6.6 .3.4 
2.2 '.0 7.8 '.3 
6.4 7.4 7.8 13.2 
8., 4.8 12.8 ,., 





Experiment Number: 8 




Length Number Length Distance Between 
6.1 2 1.0 - 1.1 4.0 
5.4 1 .6 2.9 
• 6.8 2 • 8 - 1.2 
9.8 6.6 7.9 8.9 3 • .3 
6.2 4., 4.6 5.0 10.2 
4.7 6.7 5.7 11.0 '.6 
~.8 li.6 ,.7 18.0 .3.1 
7.0 6., 8.5 8.7 12.2 
4.8 8.3 12., 12.0 '.9 
6.4 11.7 6.0 2.9 ,.6 
,., 4.5 12.2 9.0 '.1 
~.8 8.2 4.6 2.' 6.0 
3.1 4., '.7 '.6 6.8 
9.9 10.7 12.1 2.' 9.4 
6.4 7.8 





Experiment Number: 8 
Incubation Time at 4th Hour at 200 C. 
Plate Count: 128.6 aill10n per co. 
Soma Flagella 
--
Length Number Length Distance Between 
'/.0 2. 1.9 - .9 1.2 
,.0 1 )., 
,.1 1 1.1 • 
4.8 
.3 .7 - 1.0 - .9 ,.6 - .5 
4.7 1 ., 
9.1 2. .9 - 1.0 1.0 
19.9 , .9 - ., - ., 2.7 - 10.0 
2.' 2 1.0 - .7 1.9 
7.4 2 1~4 - .7 2.9 
9.0 ,.4 2.6 2.2 5.7 
Ill., 7.4 2 .. 9 6.5 6.1 
2.8 10.8 8.1 8.7 ,.1 
3.1. 4.4 12.6 7., 3.6 
6.7 15.7 ,.6 9.0 ,.7 
3.8 7., 7.3 10.9 '.0 
'7.5 1+.5 4.8 4.5 9.' 
7.1 11.9 2.9 8.1 9.6 
9.0 19.2 4.1. 9.6 ,.2 
6.6 
'.6 6.6 4.0 6.1 
3.0 
...... 
8.5 9.0 6.6 20.2 
Experiment Number: 8 
177 
Incubation Time at 4th Hour at 200 C. Oont1J1'1le4 
Plate Count: 128.6 1I11U0Il per 00. 
Soma Flagella 
--
Length Number Length Distance Between 
2.7 16.2 ).9 1'.0 6.6 
4.9 6.9 7.0 6.8 7.2-
,., u.o • 
Ayeragea 7.2-




Experiment Number: 8 178 






1.0 - 1. 5 - .7 
1).1 
4.2 4 
.7 - .9 - 2.7 - .7 
2.0 - .9 - I.' - .4 
4.8 1 ., 
4.4 1 1.0 
6., 
7.0 
, 1., - 1.8 - .7 
:2 1.1 - 2.0 
2.2 1 1.2 
Distance Between 
2.1 - ., 
2.7 - 4.0 -,4.2 
1 .. 4 - 1.8 -'.4 
1.4 - ., 
1.0 
12.6 , 1.Q - 1.4 - 1.2 -.5 '.1 - 2.9 - 5.9 - .6 
.6 
6.7 :2 I., - .4 ,., 
6.2 1 ., 
12.9 7 1.8 - .3 - 1.0 • 1.2 3.2 - 2.1 - .5 - 1.7 
1.1 - 1.1 - .8 2.' - 1.2 
6 " .0 1 .3 
8.2 , 1.2 - .3 - 1.0 - 2.2 2.4 - 1.5 - 2.4 - 0 
1.3 
5.2 1 2.4 
.3 .4 - .7 - .8 
2 1.1 - 1.4 
J .7 - 1.1 - 1.' 
8.8 - 1.' 
5.0 
2.7 - 0 
179 
Experiment Number: 8 




Length Number Length Distance Between 
9.6 , 1.7 -
.4 
.9 - 1.9 - 2.0 1.8 - 2.7 - ,3.1 - 2., 
7.0 7.2 '.3 4.1 2.4 • 
~ • .3 4., .3.2 6.1 2.9 
4.1 4.6 7.4 10.4 9.0 
5.0 9 . .3 4.) 8.,3 4.0 
Ll.4 14.8 9.7 4., 10.' 
6·3 2.2 V:,. 0 ,., 2.9 
3.1 20.1 ).s '.0 6.4 
6.7 
Average. 7.1 .98 1.12 2.'3 
-
Experiment Number: 5th g 
180 
200 C. Incubation Time at Hour at 
Plate Count: 2'3.6 mlllion per eo. 
Soma Flagella 
--
Length Number Length Distance Between 
,., 1 .7 
6,4 6 .8 - 2.5 - ,.9 - 1.' 1.8 - 1., - 1.1 - 0 
1.0 - 1.4 
• 
2.6 4 2.9 - 1.2 - .9 - 2.8 1.1~ - 0 - • .; 
14.1 
.3 1.9 - 1.6 - .8 U.2 - 0 
6.2 .3 1.7 - .3.7 - 1.' 2.0 - 3.' 
,.0 1 .8 
,., 
" 
2.1 - 1.7 - 1.2 - 1.' 1.,3 - 2.7 - 0 
9.7 4 1.6 - 2.1 - 1.9 - 1.? 4.0 - 1.6 - 2.7 
9.' 4 1.6 - 1.4 - .6 - 1., 1.2 - S.O ... 2.6 
'.6 2 .7 - 2.0 2.7 
8.4 1 1.,; 
6.7 .3 1.2 - 1.0 - .7 ,.' - .J 
4.i.. 2 1.4 - .8 ).6 
U.S 1 .7 
7.' 1 J.l 
'.9 6 ).1 - ,.2 - 1.1 - .6 2.0 - 1.' - .7 
• .3 
10.1 , 1., - 1.' - 2., - 1.1 4., - 2.6 - 1.6 - 2.0 
.7 




Experiment Number: 8 
Incubation Time at ,th Hour at 20° C. Continued 
Plate Count: 253.6 1!11liQn pel' ce. 
Soma Flagella 
--
Length Number Length Distance Between 
7.S 3 1.9-1.5-1.0 1.2 - 0 
3.0 6 1.3 - 2.6 - 1.8 - 1.6 2.4 - 1.8 ... .6 - 2.0 
2., - 2.,3 .6 
• 
,., 1 1.8 
9.0 , 1.1 - 2.1 - 2.1 - .8 2.8 - 1.0 - 3.3 - .8 
.7 
13.1 3 1.2 - 2.) - .7 1.1 - 1., 
6.0 .2 1.7 - .8 6.0 
2.8 ).9 6.2 4., 2.0 
8.5 6.6 4.7 )., 2.6 
9.9 ,.2 4.2 3.7 5.2 
9.1 6.4 6.3 9.1 3.7 
4.4 14.1 6.0 ,).9 '.9 
8.1 1.7 
Anrage, 6.2 1.4, 1.,~, 2.44 
-
Experiment Number: 8 



























length Distance Between 
.4 
1.9 - 1.7 l.~ 
• 1.7 - 2.8 - 1.0 - 2.~ 1.4 - 2.1 - 4.5 - .7 
.7 ... 1 • .3 
2.5 - .6 - .7 ,.6 - 0 
.. 6 .. 1.5 .3.0 
.4 
,.8 - 4.:2. - 1.' 1.9 - 0 
1., 
.8 
.6 - 1.0 1.2 
1.8 - 1.1 - 3.9 - 3.~ o - 1.9 - 1.1 - 2.8 
1.2 
4., - 2.8 - 2.2 2.1 - 0 
,./, - 3.7 - 2.0 ,3.' 
2.4 - 1.1 - 1.2 - .8 4.2 - .7 - 0 - 2.7 
1., 
.9 
,.7 - 1.6 - .6 - 1.7 1.3 - 1.4 - '.5 - 1.1 
., - 1.0 .6 
4.6 - 2.' - 1.9 - .6 1.6 - 0 - 1.1. - .6 











Length Number Length Distance Between 
).0 1 ., 
29.7 7 2.2 - 2.5 - 2.,) - 2.C 4.2 - 1.2 ~ 4.6 - 0 
1.1 - .9 - .6 ,).7 - 1.0 .. 2.4 
5.7 .2 2.2 - .8 .3.2 
5.' 2 2.1 - 1.4 .3.7 
6.0 J., 2., - .7 - .3.4 - 2.2 4.0 - 0 - 2.1 
6.0 4 2.5 - 1.9 - 1.1 - .7 1.2 - .7 - 3.1 
9.7 , .7 - .9 ... 1.7 - 1.2 1.9 - 1.0 - 2.6 - 1.4 
1 .. 9 
,., ,.J ,.0 2.4 U.O 
,,0.4 2.9 4.b 2.8 n.7 
AVeragel 7·3 2 • .3 1.7' 2.2'1 
Experiment Number: 8 184 
Incubation Time at 6th Hour at 21)0 C. 
Plate Count: 22l. • .'3 a1lllon per co. 
Soma Flagella 
--
Length Number Length Distance Between 
7 .. ' .2 .8 - 1.4 0 
4.8 4 1.9 - Z., - .3.' - 2.3 .9 - .9 .... 2 
• 9.7 4 1.5 - 1.4 - 1.1 - 1.9 4.6 - 2.2 - 1.0 
8.4 6 '.9 - 2.0 - ,.6 - 2.0 o - 2., - 0 - 1.9 - 1.0 
1.0 - 1.1 
.3.7 1 .8 
1).6 , .7 ... 7 ... ., - 1.7 ,.7 - 5.1 - 1.' - 2 • .3 2., 
,.6 .2 ,.8 - 1.0 1.8 
'.1 , ,.8 - ., - ,.1 1.9 - ,.0 
1'.7 10 4.8 - 1.7 - 1.8 - 2.2 1.g - ,., - 2., - 1.9 
1.9 - .8 - 1.0 - 1.7 o - 1.4 - 0 - 2.8 
1.8 - 1.0 
4., 1 ., 
9.2 4 2.0 - .6 - 2., - 3.9 1.8 - 4.7 - ., 
,.0 1 1.7 
7.7 4 1.2 - 2.) - 1.1 - 2.8 .9 ... 2.6 - .8 
5.0 , 2., - ., - 1.6 1.,3 - 2.4 
6.2 4 1.0 - ,3.1 - .7 - ,.5 2.9 - 1.9 - 1.9 
'I, 
2.9 2 ,., - 1.0 1.4 (' 
,.1 1 2.7 
2., 
..... 
6.7 , 1.4 - 1.4 - .6 - 1.8 2., - 2.4 - 0 
Experiment Number: 8 18S 
Incubation Time at 6th Hour at 20° C. Oontinued. 
Plate Count: 221., million per cc. 
Soma Flagella 
--
Length Number Length Distance Between 
'.8 2 1.2 - 2.6 2.' 
7.4 
.3 1.2 - 1.3 - 3.8 4.7 - 1.' 
• U.S , 1.8 - .8 - 3.4 - 2.8 1.4 - 4.6 - 2.' - 2., 
1.8 
8.' 4 2., - 1.2 - 1.9 - 1.j 1.7 - )., - 1.6 
,3.9 '.7 2.0 4.8 10.2 
3.7 9.0 2.6 1.5 10.9 
3.8 4.8 6.2 
Averag •• 6.4 2.17 1.86 2.21 
..... 
Experiment Number: S 186 




length Number Length Distance Between 
)., 1 1.6 
).1 1 2.' 
• 2.1 1 2.' 
).9 ) 1.) - ).0 - 2.0 ).5 - 0 
8.9 6 ).) - 2.8 - 1.5 - .9 o - ,.4 - ,.8 - 1.1 
1.4 - 1.7 
,., :3 4.7 - 3.2 - 1.4 o - 4.8 
3.9 .2 ).) - 1.2 2.2 
).9 1 ,.4 
17.2 2 1·3 - .7 8.9 
6.4 2 1.5 - 1.4 .9 
16.9 5 2., - 2.7 - 2.8 - 2.0 2.4 - 6.2 - ).2 - 2.3 
1.2 
13·6 4 .6 - 3.0 - 2.4 - .9 2.2 - '.7 - 6.2 
' • .3 ) 1.5 - 1.7 - 1.' o - ).7 
2.3 .3 1.7 - 2.0 - 2.0 1.6 - .4 
8.3 4 2.6 - 3.4 - 1.1 - 1.1 2.0 - .8 - ,.9 
).3 1 1.3 
2.8 2- 2.9 - 2.4 1.2 
7.3 1 1.6 
..... 
7.0 2 2.) - 1.1 4.0 
187 
Experiment Number: 8 




length Number length Distance Between 
8.4 6 2., - 2.4 - 1.9 - 1.] 
.6 - 2.4 - 1.' - 0 - loS 
2.7 - .9 
10.7 4 2.1 - 1.7 - 1.6 - 2.3 '.7 - .7 - 10.0 
6.S 1 .9 
5.' .3 1.7 - .7 - 1.1 2.0 - 2.9 
,.8 2 2.0 - 1.6 1.6 
7.4 4 2.4 - ., - 1.6 - 2.1 4.0 - .3.1 - ., 
1.8 1 2.' 
2., it '.6 - ,., - .8 - 1.) .5 - .7 - .7 
1'.2 , 1.9 - 1.7 - 4.1 - ·9 1.8 - 4.1 - 1.4 - ,.6 
1.9 
'; • .3 :2 ,.4 - 1.4 ,., 
18.6 10 1., - .9 - ,.1 - ).2 1.4 - 1.6 - 1.4 - 1.4 
2.2 - .3.7 - 1.9 - l.S 1.7 - 2.6 - ,.9 - 2., 
,.6 - 1.6 1.5 
8., 2.1 2.8 6.2 ,.6 
4.9 ).2 4.6 )., ,.4 
5.8 ).3 4.1 4.6 7.4 
4.2 19.1 2.7 29.0 
ATerage, 6.7 1.82 2.0 2.48 
-
188 
Experiment Number: 8 
Incubation Time at 7th Hour at 20° C. 
Plate Count: ,27.' al1110n per 00. 
Soma Flagella 
--
Length Number Length Distance Between 
ll.2 8 .4 - 2., - 1.2 - .9 1.7 - 1.0 - 1.1 - .4 
1.0 - 1.6 - .8 - 1.0 1., - ,.0 - 2.6 
4.8 2 2.0 - ., 4.1 
• 
2.8 1 2.2 
3.8 2 2.0 - 1.2 ,.0 
,., :2 4., - 2., .4 
12.' 2, .4 - 3.1 7.0 
18., 13 1.0 - 1.0 - 1.4 - ,.2 ,.1 - 1.5 - ,.1 - 1.7 
! 
,.1 - 1.0 - 3.' - ~.1 o - 2., - 1.4 - .6 
1.1 - 1.0 - 1.4 - 2.4 2.0 - 2.4 - .4 
3.0 
8.4 2 .8 - 1.1 3.8 
'.8 .3 1.0 - 2.6 - 1.7 4., 
2.4 :; ., - 1.8 - ,.6 1.8 
'.8 1 1.9 
'.8 4 1.7 - 2.4 - 2.1 - 1.6 1.3 - 1.1 - 2.8 
3.' , .8 - 1.0 - 2.6 ., - 1.6 
6.2 3 2.7 - 2.6 - 2.0 .6 - 3.' 
4., 1 2.4 
6.9 7 3.9 - .8 - 1.1 - 1.8 a - 1.4 - .4 - 2.6 
3.0 - 4.2 - 1.1 1.0 
4.1 1 2., 
-
L 
Experiment Number: 8 189 
Incubation Time at 7th Hour at 200 C. Oont1nue" 
Plate Count: )27.) mil110n per OCt 
Soma Flagella 
--
Length Number Length Distance Between 
10.2 , .7 .. 2.7 - .8 - 4.0 4., - 1.6 - 1.4 - 1.7 
2.9 
4.0 2 2.7 - 2.6 2.0 
• 
,.0 1 1.2 
2 .. 8 1 1.0 
4.) 1 1.9 
4.2 2- 2.8 - 1.6 2.4 
18.7 2 1., - 2.0 9.0 
12.8 6 1., - 1.0 - 1.8 - 1.' 5.4 - .5 - 1.7 - 0 - .6 
1.6 - 1.1 -
6.0 .3 3.6 - 1.7 - .5 .3 - 1.' 
9.8 :;.2 5.9 3.9 2., 
2.7 ,.8 1.9 4.8 2.0 
2.8 2.2 
Average. 5.8 2.13 1.8' 2.02 
-
Experiment Number: 8 190 




Length Number Length Distance Between 
).6 , 1.9 - ).) - 2.2 2.1 
2.1 1 2.6 
• 10.1 , 4.4 - 2., - 1.9 - ,.6 '.J - J.8 - .7 - 0 
1.1 
2.2 1 J.' 
'.9 4 ,., - 1.9 - 1.7 - 1.0 1.2 - 2.1. - 0 
2., , 2.1 - 2.9 - 1.2 1.2-0 
9.1 , 1.9 - 1.4 - .5 2.' - 2.8 
,.2 , 2.0 - 2.2 - .4 .9 - .7 
5.') ,) 1.8 - 2.0 - 1.8 .9 - 4.5 
6.4 6 2.7 - 2.8 - ,.6 - 1.1 .9 - 0 - 1.4 - .6 - ).1 
2., - 2.1 
'.0 2 .8 - ,.4 2.' 
2.7 , 2.2 - J.2 - 2.1 1.6-0 
7.8 6 2.4 - ,.6 - 1.' - ., 1.7 - ,.7 - 1.' 
.3.1 - 2.0 
2.2 1 ,.6 
,.1 2 ,.8 - 1.1 2.4 
2.9 1 2., 
'.6 2 2.' - 2.4 1.2 
2.2 2 .7 - 1.6 1.9 
-
Experiment Number: 8 191 




Length Number Length Distance Between 
3.; 1 1.8 
10.2 2 1.1 - 2.4 .7 
• 
10.9 S 1.4 - 2.0 - 4.4 - ,., 1.2 - .6 - 1.5 - 1.9 
2.J - 2.4 - 2.8 - 4.0 1.2 - 2.7 - 1.9 
6.0 1 2.2 
).8 1 2.4 
15.6 6 1.8 - 2.0 - 1.2 - .6 1.4 - ;.2 - 1.9 - 5.1 
2.8 - 1.8 .8 
8.7 8 2.9 - 1.7 - 5.6 - 1.4 1.4 - 0 - .7 - 3.1 
1.9 - 2.1 - 1.3 - 1.4 1.4 - 1.J - .6 
2.6 1 .J 
8.8 , 2.1 - 2.6 - 2.1 - 2.' 2.9 - 2.8 - 1.0 - 1.2 
2.7 
3.5 J.4 14.1 2.9 2.9 
2.8 2.8 2.5 7.2 
Average. ,.4 2.)1 2.24 1.92 
r I ~ ______________________________________________________________ _ 
192 
Experiment Numben B 




Length Number Length Distance Between 
S.c , 4.4 - ~.a - '.9 - 1.' 1_0 - 1.8 - 2.1 - 1.0 
1.1 
4.1 1 4.8 
• 
9.3 7 ,.1 - 2.4 - 1.4 - 1.7 o - 2.6 - 1 .. ' - .7 
1.7 - 4.6 - 1.2 ;;;:.L. _ .8 
4.E ii!. ;:~.1 ... I 1 ." .~ ..... 
6.E 4 .6 - 1.3 ... 1.0 - .~ ,.7 - .9 - 2.2 
4i!.; :t 1.9 ... ,.6 ~ • .J 
R., , ., - 1.' - 1.1 - 2.7 1.' - 2.2 - 1.8 - 1., 
".0 
1.2 .... 3 2.7 - 4.) -J.O - .7 .... (} 
l,.li 1 .6 
4.9 4 .J - 2., - 2.0 - 1.2 1., - ,.J - .4 
'.1 , ,. ~, ~ 4 ~) • ~~. -~. ~ 4. ,).0 - 1.0 ... .7 4.6 
2.~ .) ., - 2.9 - 2..7 .4 - .2.0 
,., 1 4., 
11.S ." ;;':.8 - 1.6 0 ..; 
).~ 3 4.7 - ~.S - 1.0 .4 - .8 
6.2 1 .8 
4.' 4 ).1 - 2.S - .4 - ., ,., - ., .... , 
S.~ 1 .6 
Experiment Number: • 
193 
Incubation Time at 8th Hour at ;;,00 C •. Ooau..d 
Plate Count: ,0).' a1ll1oc per co. 
Soma Flagella 
--
Length Number Length Distance Between 
6.6 1 2., 
7.8 4 1.0 - 1.8 - 1.4 - 1.0 2.' - .9 - 1.' 
10.0 .) 1.9 - 1.7 ... 2., '.7 - , .. 6 
10., 7 2.' - 2.6 - 1.2 ... :.1 .6 .... 8 ... 1.7 - .8 ... .1 
.8 - 4.1 4 .. 0 
U.O J. .s - ., ... ,., .... ~ 2., - 4.' ... 4.2 
~~.9 ,.. 1.9 - ~, 1.7 ... 
6.6 ;} 1.2 - .6 - ., '.2 - 2.4 
~., 2 ;:'.4 ... 1.0 1.9 
U., .) 1.', ... 13 ... 2.4 4.9 ... 1.1 
2.;: 2.1 2.1 ,.6 '.9 
9.8 4.6 ,.0 4 .. 4 4.) -
3.1 9.6 12.0 / .... 7 2.' 
2.6 





Experiment Number: 8 
Incubation Time at 8.' Hour at 
Plate Count: 
Flagella I Soma I 
--
,I 
Length Number Length Distance Between 
d ": 
.. 4 7 1.1 .... i..a - ~., -1.8 .l.O - 1.0 .. 1.2 - 1.? 
.;'1 - 1.0 - 4.2- 1., .... 0 
11 • .1 6 1.6· - ,., .... 1.9 .... ;;::'.2 1.1 • 
..... '(, -1.$ '.0 .... l.~ - ~.O .... .6 
2.1 2 2.6 ... •• 9 0 
10 • .( 6 ,., - )., .. 4.4 - 2.0 1.1 - 1.2 - ;,>.1. .... 0 
J.O - .7 ..i. 4 
" ,k ..... :i. 2.7 .. :~.A 1.7 
J.t! 1 4.7 
).c , 1.;3 - 1. ') ... '.2 :) .... 2.4 
,., J t+.~ ... ).0 .. .6 1 • .2 - .9 
8.1* ... #~ .. 2. ... J.~ - .1..) - 2.7 ~'." - 2.2 - 1.8 
7.8 , ;;.0 - 1.4 .... 1.0 - ,,+., ;:. " - .9 - ;':.9 - 0 2.8 
4.7 1 1.5 
4.9 .. 
"" 
J.) .... 1.0 2.1 
14.8 10 '.3 ... ,3.1 
-
1,., .... ,., 0 ... 1.9 - 1.6 .... 1.4 




6.6 4 ~~.iJ .. '1/..4 .. 1.,.6 .J 
-
:;.4 - 2.4 
U • .:a b 2.9 - 1.5 - 1 .. 1 ... 1.2 1.1 - 1.2 - 1.4 ... 1.9 I 
.2.' - . 4 1.0 ,II 
U,.9 6 4.7 ... 1.6 - 1.8 - ;':.4 2.1 - .8 - 2.0 - .1.6 I ~! 






Experiment Number: e 
195 
Incubation Time at Ii., Hour at ZJO C. Cont1mled. 
Plate Count: 
Soma . Flagella 
--
Length Number Length Distance Between 
.2 ... ..:. ,.6 - ,.0 I .... 
11.;';, 8 ' I 
-4t."-t """ l.~$ - 4.1 - .9 1.8 - 1 • .I~ .') 
-
4.0 ... 
J.4 - 1 •• 2 - 1.9 - l.' .8 - 1.' - .,!iJ 
8.' 8 1.9 - 2.-1,. ... '.8 -.1 • .:2 1.6 - 1.2 - 1.6 • 1.4 
~<"".""4- .. 1.,3 
-
1.1 - 4.) 1.5 - 0-0 
7.' , 5 •. 3 - 1.":' - .8 - 2..7 • (4- - ).0 - 0 ... 1.0 2.4 
~6.7 '.J ,., ,.7 7.6 
4 .• 6 4.0 ,.1 1.9 '.9 
Ave .. age • 6.9 ,.,6 ;.~ .. 5.2 1.74 
..... 
196 
Experiment Number: S 
Incubation Time at Sl th Hour at 
Plate Count: )01.' at11,11on per 00. 
Soma Flagella 
--
Length Number Length Distance Between 
J.~ L 1.13 - 1 •• 4 ., 2.0 - .9 o - 2.6 - 0 
4.~ S 1.7-2.4. ;;.2 - '.2 1.6 - 1.9 - .. 1.2 
6 .. 8 
• 
14.1 , 2.6 - 1 • ..2 - .4 ... .6 1.5 - 1.0 - '.6 - .9 2.4 
2., J 4.,3 .. 2., - 1.1 1.1 - ~', .oG 
1..( '\:! ~.6 - 2.8 - ,.0 - ,.7 
.8 - 0 • 1., - ~.1 - 0 
., ... 1.1 
12.1 , 1.7 - t't- I! (It",:_/' .. 2.4 - ;e., 1 .. 7 - ., - 4.4 - 2.8 
1.1 
8.2 ~ :l.O - 2 .. 1 6.~ 
3.7 ) ~~.6 -- 1.0 "'" .5 1.' - 2.0 
,., 1 1.'; 
9./ .. 8 1.8 - .. , .. l.~; - 1.7 .7 - .8 - 1.6 - 0 - 2.' 
1..9- ., - ., .. ,.4 1.2 - 1.' 
,.6 .2 4.1 - ,.0 ,.0 
6.0 6 1.1 - ' ... 0 - 1.1 - )., 1.t!' ... .8 - 1., - 1.0 
'.9 ... 2.8 1.0 
6.' ", '.9 - '.0 - 1.4 - 1.6 :l.l - 0 - 1.' - .7 





4.1 J 1 ... 0 .. ).£) ... 1.1 J.1 -0 
9.9 8 1.2 - 5.7 - ;':.8 - ) ", .... 1.!~ - ;?, .. 2.1 - 1.1 









301.' m111ion reI' oe. 
Soma Flagella 
Length Number Length Distance Between 
'.J ,.1 
'.8 2 .• 6 
,. ~ '7 1.7 - o" - ,.0 - 4., 1. J ... 1.6 .... .6 - 0 
,.9 - ~.O ... 1.6 1.6 .... 4 
2.6 6 ;.;c .. 1 - 5.5 ... J.l~ ... 1.4 1.",· ... 0 - 0_ 1.2 - 0 
;~ .. , .. ~; 6 






,.4 , 1 
-
;.111' _ 
.2.0 2.7 ... 0 
'.1 1 ;3>.' 
:;.2 4 ,.;: ... 3.) 
-
1.7 - 1.1- 1.3 
-
., 
1 ... 8 
.3 2.0 - 2.:1 - ,.S , .. , -,., 









1.1: .... 2.7 ;('.9 ~ 1.0 
14.2. 
10.,;;7, 
Anr.,..' ~.9 2.91 2.4, 1.42 
. 
TABLE 8 198 
Appearance or Flagella at 20° OJ Original teaperature ., .)SO o. 
Summar,r or Value. 
Hours of Av. Length Av. No. of Av. Length Av. Distance Plate % 
Incubation of Soma Flagella/ of Flagella 
Between Count Flagellated Flagella 
Individual 
Microns Microns Microns M/ML 
--_ ... 
---------
1.0 6.9* 23.7 0 
7., 
2.0 12.8 31.6 0 
2.' 8.3 • 0 
,3.0 7.4 71 0 
,., 7.2 .08 .94 ,., 
4.0 7.2 • .25 1.10 ,.6 128.6 11 
4.5 7.1 .<)S 1.12 2.', 34 
5.0 6.2 1.4,3 1.,4 2.44 2".6 4, 
,., 7.) 2.) 1.7; 2.27 70 
6.0 6.4 2.17 1.86 2.21 22l.., 62 
6.' 6.7 1.82 2.00 2.1;8 61 
7.0 5.8 2.1) 1.S; 2.02 327.' 67 
7.' ,.4 2.,31 2.24 1.92 7' 
8.0 6.1 1.9) 1.99 1.88 ,0).' 62 
8., 6.9 '.36 2.'2 1.74 66 
9.0 '.9 2.91 2.4, 1.42 ,01.' 69 
*BaaH Ol'J •• aaure •• nt or 40 to 76 1nd1v1dua: '" bacteria • 
Graph 8-A Primary Temperature 380; S.condary TemperatuJ'e 200 








~ 6 6.$ 1 
Time in Hours • 
, 
Graph 8- B FrlIlAr1 Temperature 38C; Secondary Temperature 200 
verage DistaxlCe Betl-leen Flagella 
a , 
Graph 8-G cc~ndfirr T'~m *rntl1r e 200 
Frequency Distribu ion of Distance Between Flagella 
I 
• I • - a .fJl I 






H II rr.. • -
I •• •• -- ~ I I 
=-
EIII . -.. -•• • 
.. 
- - -
.1 =-, I 
.,. 1.0 1.$ t,l) :r.' ,,0 3.~ » .9 
... niSt$l1'1t!A ;1'1 M-tt!,.n1'1~ 
Graph 8 -C (Continued) 




H--++-t-t-.. .••• ~m .. ~1 
.5 1.0 1.5 2.0 2.5 3.0 3.5 
n; !'It.::mt'!A in Mi ",..n1"l!'l 
203 
}leS121 ta of E~ r1tlBnt l10. t3. 
"!'his o~r.t.~nt 1." a Mpettt1.on or l1;~M.lMnt No.7. 
'!'be t.ype ot o~anifml s~ was 1UinlyrUamen'tlcn.w. ~wr; Wheft 
... u,.... .. u ._ te_, tJat'lb ol\'tanl_ 1n order of a}'lPearanee was •• are. 
re~~e. or t.he 812:& ot the tnd1T'!.dtuU.. Treref'ol"Q.) '.t ~f! that 00_ of 
the deviation!> in the _a~t ot di.stL'lM bf)tw~)on flat'!,f)Ua v1n be 
atte.ted b:y the neamtl'emlmt of the leDgth of the soma. liowover,the'" 
genam tnmd 1. apt'4rent, 1 ... tM nUllber of flapUa 1." .... aD'! the 
distance bcttween fla~ .. l1a deere .... 
204 
pri:u:rr inmaa'tj.(:m tt\'!!tf'!'Jf"atul'e wns 'loO C., ~tld. tM eeccndM7 teHJ)$mture .. 
... .n0 C 
.]" . 
r 
9 Filaments 205 Experiment Number: 
Incubation Time at lst Hour at 380 c. 
Plate Count: I, 
Soma Flagella 
--
Length Number Length Distance Between 
4.' 5 1.5 - 3.0 - 5.0 - 4.9 o - .8 - 1.1 - 1.) 6.9 
4.1 1 2.1 - 2.5 - 3.1 - 1.3 -1.9 - ., - .9 - 0 - .6 
• , - 4.8 - 3.) • 
3.5 2 4.6 - 3.1 2.5 
2.9 4 3.1 - 1.0 - 4., - 2.9 1.3 - .1 - 0 
3.8 2 3.4 - 1.3 .6 
14,,7 20 1.3 - 1.9 - 2.0 - 2.3 1.0 - .5 - 0 - 1.8 - .~ 
2.2 - 4.2 - .5 - 5.5 o - 2.2 - 1.6 - .4 - .~ 
1.4 - 1.0 - 2.4 - 1.6 o - 1.6 - .1 - .8 - 0 
1.3 - 1.4 - 1.8 - 3.2 .8 - .8 - .6 - .8 
2.2 - 1.3 - 3.5 - 1.) 
18.0 21 1.2 - 1.1 • 1.8 - 2.) .3 - ., - .3 - ., ... 2.~ 
5.5'- 2.4 - 2.2 - 4.9 .5 - 2.0 - 1.2 - 0 ~ .! 
5.1 - 2.8 - 2.2 - 5.1 .4 - ).3 - 1.6 - 2.8 
1.8 - 1.6 - .5 - .5 o - 0 - .8 - 0 - 0 
3.4 - 1.7 - 1.1 - .8 io-
4.6 
8.9 13 .9 - 7.0 - 1.6 - 3.4 .7 - 0 - .6 .. 0 - 0, 
3.3 - .6 - 2.2 - 1.1 2.6 - .8 - .7 - .9 -
7.2 - 9.5 - 4.6 - 6.6 1.3 - 0 - ., 
6.1 
21.9 32 .7 - 4.8 - 2.6 - 1.8 
.6 - 1.7 - .9 - .5 - .~ 
1.1 - 4.9 - 4.9 - 4.9 1.2 - .9 - 2.4 - 0 - • ~ 
ill, 
II 
4.7 - 5.6 - 4.6 - 6.0 
.9 - .4 - 0 - 1., - .6 
3.7 - 1.6 - 4.1 - 7.8 o - 1.7 - 1.2 - .6 - .' 
,.9 - 2.0 - .1 - 1.9 
.4 - 0 - .8 - 1.3 - .7 
2.0 - 1.6 - 3.2 - 1.9 o - 2.0 - .8 - 0 - 0 
2.2 - 2.5 - .9 - 1., 
1.1 - 3.0 - 3.9 - 3.9 
..... 
Experiment Number: 9 Filaments 206 




Length Number Length Distance Between 
4.0 5 1.6 - 2.0 - 4.1 - 5.0 1.1 - 1.7 
- 1.0 - .6 
4.4 
• 





Experiment Number: 9 FilamElltl 




Length Number Length Distance Between 
).4 , 1.1 - ,.0 - 6.2 - 4.1 .4 - 0 - .0 - 1., 
2.9 
ll.1 16 1.3 - 6.7 - 7.1 - 2.0 .5 - .1 - 1~, - 1.8 
2.9 - 2.1 - 1.1 - 3.3 1.4 - 1.7 - .8 - 0 - .j 
2.2 - .8 - 1.9 - ).4 .8 - 0 - .4 - .6 - 0 
,.5 - 2.1 - ,.0 - 2.0 0 
) • .3 .3 4.s - hS .. 1.7 .4 - 2.2 
9.9 .3 2.5-.3.8-2.7 1.7 - .9 
,.4 5 1.5 - 1.4 - 2.6 - ,.4 2.4 - 1.7 - .6 - .7 
4.1 
U.7 13 3.8 - 8.6 - 2 • .3 - 2., o - .8 - 1.0 - 0 - 1.0 
.7 - .4 - 6.0 - 4.1 2.7 - 1.5 - .9 - 0 -
6.8 - 5.3 - ."- 1.7 1.0 - 1.0 - 1.0 
4.4 
5,.3 7 7.0 - 3.6 - 7.3 - .9 .6 - .6 - 1.3 - 0 - 1.L 
1.8 - ., - 2.3 
6.0 7 5.4 - .6 - 2.7 - 4.0 1.1 - 1.8 - 0 - 0 - 2.( 
1., - 4.7 - .5 
6.9 8 3.6 - 2.1 - 4.8 - 1.8 1.0 - 1.1 - 2.5 - 0 .;.. • 
4.4 - 3.2 - 3.1 - .4 .9 - .7 
B.l 11 .7 - 4.9 - ,.6 - 7.4 1.3 - .4 - .7 - 1.2 - C 
5.] - L.4 - 3.4 - 5.0 1.1 - 1.8 - 1.9 - 0 
2.9 - 5.0 - 4.1 .8 
Averages 7.1 7.8 3.47 1.16 
L 
9 Filaments 20S Experiment Number: 




Length Number Length Distance Between 
4.9 7 5.8 - 6~4 - 1.0 - 4.S 1.2 - 1.1 - 1.1 - .1 
2.5 - 3.4 - 1.9 .6 - .2 
2.8 4 3.4 - 1.9 - 2.1 - 3.) o - 1.3 - 1.3 
• 
4,,7 4 7.1 - .5 - 1.B - 6.0 ,,9 - 3.0 - ., 
13.9 10 3.6 .... 5.6 - ,.9 - 7.8 2.8 - .7 - .6 .... 1.3 ... c 
5.3 - ).2 - 4.1 - 1.0 1.2 - .6 - 2.4 - 1., 
1.7 .... 6.4 
21.8 14 2.0 - 2.4 - $.) - 3.6 .4 - .4 - .2 - 3.9 
3.8 - 4.9 - 3.1 - 2.2 1.1 - 1.1 - .6 - .6 
2.5 - 1.9 - 2.9 - 5.4 1.5 ~ .4 - 3.4 - 3.0 
1.7 - 2.1 4.6 
4.8 5 4.0 - ).2 - 2. 7 - 2.8 .6 - 2.0 - 1.7 
2.1 
21.4 16 1.5 - 4.6 - 4.2 - .8 .5 - 2.5 - 3.1 - 0 .... 0 
1.2 - .5 - ., - 1.0 1.5 - 3.8 - .8 - 1.2 
1.9 - .9 - 1.0 - 2.0 .5 - 1.1 - .5 - 2.) 
1.4 - 1.) - .8 - 2.) 2.2 
6.1 1 5.8 - 4.0 - 1.0 - 3.0 1.4 - 1.) - 2.0 - ., 
J.O - 6.0 - 1.6 .9 
20.1 13 2.) - 1.7 - 4.4 - 2.2 ,,4 - .6 - .9 - 1.4 -
1.2 - 2.1 - 2.7 - 1.7 2.4 - 1.6 - 1.8 - 5.9 
.5 - .6 - '.4 - 5.2 1.4 - 3.) - 1.3 4.4 
37.5 lh 1.9 - 2.7 - 1.6 - 2.6 2.2 - 3.2 - 8.0 - 3.4 
3.4 - 5.0 - 1.1 - 4.4 o - .8 - 4.5 - .9 - 2.4 
6.0 - 3.8 - 2.4 - 5.2 4.6 - 2.0 - .6 - 4.6 
2,,) - 1.9 
Average I 13.8 9.4 3.<il 1.80 
p 
Experiment Number: 9 209 




length Number length Distance Between 
4).5 $ 2.3 - 4.0 - .1 - 1.4 1).3 - 6.7 - 1.9 - ,2.6 
1.0 
6.7 10 1.) - $~6 - 2.0 - 5.h .6 - 1.4 - Q - .7 - 1.2 
.5 - 2.S - .4 - $.2 1.5 - 1.6 - .7 - 0 
1.3 - 2.0 
).0 4 5.) - 2.5 - 1.) - 2.) 1.1 - 1.0 - .9 
31.5 13 1.7 - 1.2 - ).4 - 5.2 2.2 - 0 - 1.4 - 4.5 
5.9 - 4.2 - 6.7 - .8 .) - 0 - ).4 - 1.0 - 0 
.5 -., - .8 - .6 - 10.0 - .6 - 5.5 
.6 
4.4 3 4.6 - 1., - 2.1 1.9 - 0 
9.0 5 1.4 - 1.1 - 7.) - 2.5 o - 1.4 - ).9 - .4 
2.0 - .4 4.) 
).2 2 10.5 - 5.8 2.0 
52.0 :3 ).7 - 4.2 - 4.9 ).1 - 1.0 
7.0 4 1.8 - ).2 - 3.1 - 2.2 ).2 - .6 - ).5 
,.4 0 
7.9 8 5.7 - 1.1 - 4.0 - 7.0 1.6 - .8 - 1.6 - 2.7 
2.0 - 2.0 - 1.6 - ).1 .7 - 0 - 0 
27 .9 11 1.9 - 1.9 - .6 - 4.4 5.1 - 2.8 - 0 - 2.6 
2.0 - 5.0 - .8 - 2.6 1.3 - 3.3 - .6 - 6.2 
2.3 - 1.4 1.3 - 2.2 
Average' 16.8 5.7 2.82 2"7 
.... 
jIIii"" 
Experiment Number: 9 210 




Length Number Length Distance Between 
6.7 8 ,.7 - 4.4 - 4.7 - 1.7 1.3 - 0 - 2.1 - 1.3 
1.9 - .7 - 2.7 - 1.9 2.7 - 0 .... 6 
10.2 7 2.1 - 1.4 - 2.9 - 1.2 1.0 - 1.0 - 1.4 - 2.7 
,.7 - 4.5 - 3.5 o - 1.9 • 
2).3 , '.9 - .9 - 1.3 - 1.7 .1 - 4.4 - 9.0 - 5.6 
1.0 
9.6 6 1.4 - 4.4 - 4.3 - 1.6 2.5 - 0 - 2.1 - 1.2 
3.7 - 4.5 
13.3 6 . .5.4 - ).6 - ].4 - 1.1 7.8 - 1.3 - 3 • .5 - .7 
4.0 - .9 
29.3 12 1., - 3.4 - ,.6 - 4.1 3.0 - 0 - 1.1 - 2.4 
2.0 - .7 - 1.1 - 3.0 10.1 - 4.8 - 2.7 - 0 
3.6 - 2.0 - 1.8 - 0 3.1 
31.8 , 3., - 3.2 - 6.1 - 1.8 3.4 - 3.2 - 16.0 
.9 
19.0 6 4.9 - 1.9 - 1.4 - ).2 3.0 - 2.7 - 4.0 - 4.9 
,.2 - 3 .. 2 7.1 
h.2 1 .8 
5.6 4 .5 - 2.7 - h.4 - 5.2 2.9 - 1.3 - .7 
10.6 7 1.) - S.7 - 3.2 - S.4 2.7 - 3.1 - 2.4 - 0 
5.2 - .3.4 - S.9 1.6 - 1.3 
Average: lS.1 6.09 3.01 3.23 
9 212 Experiment Number: 




Length Number Length Distance Between 
5.6 7 4.7 - 3.8 - 1.9 - 2.1 .4 - .6 - 0 - 2.0 - .8 
2.5 - .7 - 1.0 1.8 
10.7 3 .9 - 4.2 - 1.0 2.2 - 2.4 
• 
10.7 6 2.6 - 4.9 - 1.7 - 2.4 1.6 - 0 - 1.6 - 4.4 
1.3 - 2.4 1.1 
47.8 11 .6 - .5 - 1.2 - 2.6 o - .4 - 5.0 - 0 -
1.6 - .7 - 6.4 - 2.7 18.2 - 7.5 - 4.8 - 2.8 
.S - 1.S - 2.7 7.5 - 1.6 
7.1 2 4.8 - 3 .. 2 6.1 
4.~ .3 3.8 - 1.8 - 1.6 1.2 - 2.7 
6.9 6 .6- 6.9 - 4.6 - 1.6 o - 2.4 - 1.1 - 2.8 
1.6 - 2.1 
16.7 10 6.5 - 1.2 - 6.5 - 2.6 1.7 - 3.0 - 1.9 - 2.7 
1.3 - 2.2 - ,.6 - 2.6 1.4 - 1.4 - 1.9 - .6 
2.0 - 2.2 2.1 
11.6 6 2.7 - 1.9 - 1.7 - 6.4 1.0 - 2.3 - ).3 - 2.6 
1.8 .... 5 
47.5 6 1.3 - 4.4 - 1.3 - 1.4 6.8 - 6.4 - 1.0 - 5.0 
3.4 - 1.0 5.2 
16.5 11 4.0 - ~.5 - 3.1 - 1.8 
1.7 - 2.2 - .8 - 1.0 
.8 -: 2.0 - 4.2 









Length Number Length Distance Between 
10.7 6 ).0 - 2.5 - 11.6 - h.S 
.6 - b.2 - .) - 2.1 
1.5 - J.S 1.4 
~.8 5 2.b - 3.6 - 8.1 - 5.4 o - 0 - 3.4-· .3 
3.0 
10.4 It 6.9 - 3.1 - 1.6 • .. L.O - .9 - 1.4 . ,
6.1 1 4.6 
12.5 J 1.6 - 1.1 - 1.1 3.1 - 1.6 
n.9 2 .t; - 1.7 3.9 
6.1 5 1.9 - 5.9 - 4.7 - 6.0 i.) - 1.b - 1.7 - 1.0 
.6 
22.1 U .4 - .6 - 2.5 - 1.2 ).9 - .6 - 1.1 - .1 
1.6 - ,.6 - .6 - 4.6 2.)-2.2-3.6.0 
4.9 - 2.1 .. 3.9 2.1 - 4.6 
41.2 4 .9 ... 9 .. 1.1 .. .:; 8.0 - 4.4 - lL.h 
,.9 2 J.h - 2.7 5.5 
6.0 2 )., - 1.1 2.h 
9.8 6 6.7 - J.B - 6.e - 5., ).1 - 0 - 1.7 - 2.9 4.3 1.0 - 2.0 
22.9 U :).) - .7 - .'1 - 1." 2.5 - 0 - 1.1 - ;h9 
7.M - .li - 3.0 - 1.8 o - 6.1 - 1.8 - 2.9 
s.e - l.u - ).) 2.2 - .6 
Average I 1.).0 4.28 3.00 2.1$ 
Experiment Numbeli. S 9 Filaments 
214 
)80 




Length Number Length Distance Between 
24.1 7 1.8 - 2.2 - 1.0 - 3.5 11.5 - 3.7 - 0 - ,;Ii 
4.8 - 1.4 - tl.8 3.3 - .2 
8.3 5 6.1 - 3.8 - 1.9 - 2.1 1.2 - .7 - 2.9 
5.0 • 
5.6 2 4.0 - 1.5 
10., 4 2.4 - 7.6 - 1.2 - 2.8 
4.6 0 
31.6 11 4.1 - 1.5 - 1.S - 1.1 3.7 - 6.0 - .9 - 2.9 
7.0 - 1.1 - 2.9 - 5.1 2.7 - 1.4 - 2.4 - 5.4 
,.1 - 4.0 - 3.6 o - 1.6 
3.5 0 
6.6 6 .6 - 3.4 - 3.J - 3.9 1.5 - 2.0 - 1.9 - .8 
.5 - 1.1 .4 
32.4 1 1.2 
)0.) 4 1.9 - 6.1 - .6 - 2.2 4.6 - 9.5 - 8.2 
5.4 3 5.5 - 1.2 - .5 1.5 - ) • .3 
8.) 2 2.0 - .4 2.) 
5.6 0 
9.2 1 4.0 
9.7 5 .3 - 5.6 - 2.9 - 7.5 4.1 - 2.2 - 3.4 
1., 
1).2 , 2.1 - 2.8 - .5 - 1.3 ~4.3 - 1.8 - 1.0 - 4.9 
.7 
p _~ 52 
Experiment Number: 9 'Uamentll 215 




Length Number Length Distance Between 
6.0 3 2.2 - 3.3 - 4.) 2.6 
11.2 3 1.8 - 1.0 - 4.8 3.0 - 6.2 
• 12.3 1 4.6 - 6.9 - .5 - h.) 1.5 - .6 - 2.9 - 1.1 
2.1 - 1.6 - 1.1 1.5 - 2.) 
5.3 3 1.6 - 1.9 - 2.2 4.0 - 0 
Average. 12.2 ).6 2.76 3.07 
-9 P:Uamente 216 Experiment Number: 




Length Number Length Distance Between 
16.9 9 .3 - 2.2 - 1.8 - 1.,3 1.5 - 1.8 - ).4 - 0 
.8 - 6.2 - 1.1 - 4.3 j.O - .5 - 1.4 - .8 
1.7 
15.9 9 8.3 - 3.1 - 2.0 - .5 4.4 - .6 - :9 - 2.5 - 0 
1.2 - 5.5 - 6.0 - 2.6 2.0 - 1.0 - 3.3 
5.0 
15.4 4 1.4 - 1.6 - 2.7 - 1.7 4.3 - .7 - 4.5 
41.5 9 1.2 - .8 - 1.3 - 3.] 6.0 - 3.5 - 1.2 - 4.6 
2.9 - 1.8 - 2.5 - 1.2 1.7 - 5.1 - 4.0 - 6., 
.5 
4.9 1 4.9 
5.$ 0 
15.2 9 4.7 - 3.9 - 6.5 - 8.2 5.5 - 2.6 - 1.7 - 2.2 
.8 - 1.5 - 2.1 - 2.3 o - 0 - 1.8 2.,3 
8.4 8 4.0 - 3.3 - 2.0 - 2.1 1.0 - 0 - 1.4 - 0 - 4.8 
2.3 - 2.7 - 4.2 - .6 o - 1.2 
7.3 1 1.0 
7.6 1 2.2 
4.3 3 .9 - 2.3 - 1.0 3.3 - .7 
8.6 2 4.9 - 1.1 4.1 
21.8 6 2.2 - 2.1 - 1.7 - .9 1.5 - 0 - 7.4 - 2.1 




Experiment Number: 9 Filaments 




Length Number Length Distance Between 
9.7 6 2.0 - 1.9 - 1.7 - 1.6 1.8 - 2., - 1.5 - 1.4 
2.0 - .9 1.6 
• 
A.verages 12.7 4.5) 2.46 2.68 
Experiment Number: 9 Filaments 218 




Length Number Length Distance Between 
13.7 2 2.6 - 8.5 8.5 
8.2 2 ).4 .. 1.6 1.1 
8.5 1 1.0 • 
9.9 ) S.3 - 5.1 ... 1.2 1.4 - 2.2 
18.4 1 .8 
8.5 0 
7.3 4 .7 - 3.5 - 2.4 - 3.4 .6 - 5.3 
9.2 2 1.8 - 1.5 1.3 
11.7 :3 4.1 - 1.9 - 2.2 1.0 - 3.4 
6.0 0 
29.0 2 2.1 - 2.2 10.1 
7.2 1 ).9 
11.0 3 6.9 - 2.4 - .4 6.6 - 3.5 
1.5 2 .1 - .8 1.4 
22,,7 9 1.9 - 1.1 - 1.8 - 2.1 2.3 - 5.0 - 1., - 3.9 
3.9 - 1.5 - 4.5 - 4.6 4.1 - 0 - 2.5 
1.0 
9.8 6 1.4 - .6 - 4.1 - 2.8 3.3 - 3.0 - 1.3 - 1.6 
2.8 - 5.1 0 . 
6 0 - 4 1 1.3 54.4 14 6.5 - .8 - .9 - 3.4 - 1.3 - 2.) - 2.1 - 5.9 
2.6 - .7 - 2.2 - 2.4 2.4 - 1.5 - 2.9 - ).2 
4.1 - 2.1 - 2.8 - 4.8 2.2 - 2.5 - 5.4 - ).8 
Experiment Number: 9 Filaments 219 




length Number length Distance Between 
19.0 ) ).2 - 2.9 - 1.4 5.a - 1.2 
9., 
.3 .8 - ,.,3 - ).7 9., 
8.5 7 1.4 - 2.7 - ).0 - 5.7 1.9 - 0 - 2.1 - 1.7 5.5 - h., - ).0 2.8 
6.8 1 5,0 
9.7 0 
5.6 2 h.s - 3.7 2.9 
4.9 2 3.3 - 1.3 2.4 
)).8 10 2.5 - 2.h - 1.9 - 1.4 6.8 - 1.8 - 2.3 - 3.1 
.7 - 2.9 - ).2 - 2.) ).3 - 4.3 - .6 -
h.2 - .5 
Averaget 13.6 j.) 2.88 J.ll 
9 Filaments 220 Experiment Numben 




Length Number Length Distance Between 
11.1 10 1.4 - 1.4 - 1.4 - 1.3 .3 - 1.0 - 2.6 - 2.h - 0 
.6 - 3.0 - 1.7 - 2.1 1~2 - 2.6 - 0 - .6 
1.5 - 1.7 
6.0 5 1.5 - 3.8 - 4.1 - 1.6 2.7 - 0 - .& - .6 5.0 
34.2 6 1.9 - 1.6 - 2.3 - .5 10.8 - 2.7 - .7 - 9.; 
7.4 - 4.0 2.1 
6.1 3 1.2 - 2.1 - 7.) .5 - 2.4 
12.1 2 2.1 - 1.7 ).0 
18.5 1 .5 
5.4 2 3.5 - 3.7 3.3 
7.8 0 
6.5 0 
14.5 3 1.4 - 2.2 - I.) 4.9 .. 4.1 
5.1 3 4.4 - 2.6 - 3.9 3.4 - 0 
7.7 3 5.0 - 3.8 - .4 ].1 
7.2 3 3.3 - 4.8 - 4.0 .6 - 4.7 
7.9 6 1.8 - 4.0 - 6.9 - 4.8 1.6 - 1.0 - 2.3 - 1.0 
2.0 - .1 0 
24.1 1 .7 
8.0 4 2.4 - 5.8 - 2.2 - .4 2.) - 0 - 0 
p 
221 
Experiment Number: 9 Filaments 




Length Number Length Distance Between 
39.7 7 2.0 - 5.1 - 1.6 - 1.~ 1.4 - 1.9 - 5.2 - 1.0 
1.8 - 2.0 - 1.6 14 • .3 - 3.9 
42 • .3 13 2.6 - 2.1 - 1.0 - 1.1 • .3 - 4.1 - 1~1 - 1.9 
.6 - .8 - 4.5 - 5.4 7.0 - • .3 - 5.6 - 0 - .4 
4.6 - 1.5 - .3.8 - 1.6 5.1 - 11.8 - 1.1 
1.2 
Average. 14.7 ).94 2.47 .3.10 
-Experiment Number: 9 



























Number Length Distance Between 
, 
2 4.0 - 1.4 "' 6.0 
3 1.0 - .4 - .7 2.4 - I .LJ 
• 0 
2 
.9 - .7 6.9 
2 
.6 - 1.7 1.2 
1, 1.1 - 1.2 - 2.0 - 2.) 2.6 - 2.8 - 3.4 - .9 
1.0 - .J - 7.9 - 3.2 .0 - .8 - 3.2 - 4.8 
1.4 - 1.0 - 1.0 - 4.1 1.0 - 1.2 - 4.2 - 0 





3 3.2 - 1.4 - .6 0-4.9 
1 1.0 
9 2.6 - 1.4 - 3.9 - 1.9 .5 - 5.3 - 0 - 2.9 
2.2 - .8 - 1.2 - 1.3 5.5 - 5.5 - 4.3 - 1.2 
1.6 
0 
6 .9 - 1.3 - 1.3 - 1.1 .7 - 7.2 - 3.6 - 4.6 
1.6 - 2.8 
9 3.5 - 3.1 - 3.3 - 2.1 1.2 - 2.9 - .6 - 0 
3.2 - 5.1 - .9 - .6 1.0 - 3.7 - 0 - .9 
2.1 
.. 
Experiment Number: 9 Filaments 223 




Length Number Length Distance Between 
3 .. 9 0 
5.1 0 
8.2 3 1.8 - 2.0 - 2.1 4.4 - 3.8 • 
4.3 0 
.s.0 0 
4 .. 0 1 6.0 
4.8 1 4..4 
".8 0 
6.4 :2 4.0 - 1.4 5 .. 1 
15.7 2 3.0 - 1 • .3 3.2 
13.0 6 1.6 - 3.7 - 2.6 - 2.3 o - 3.7 - 1.1 - 2.6 - • 
• 8 .. 2.8 
Average. ll.7 2.59 2.15 3.13 
> 
Experiment Number: 9 Filaments 224-




Length Number Length Distance Between 
12.6 :3 1.9 - 1.0 - 2.0 9.6 - 1.2 
10.9 2 1.1 .. ).6 7.4 
• 
7.2 0 
S.8 2 4.0 - ).9 4.9 
12.8 3 4.7 .. 2., - .6 L.7 .. 5.2 
S.o 2 6.h - 2.0 1.0 
14., 1& .6 .. 4.2 .. .S ... .4 o - 4.6 .. 3.4 
11.2 1 4.5 
32.7 4 2.0 - 4.1 - $.5 .. 1.1 llh7 - ~.1 - 5.4 
$.6 0 
1.7 0 
21.3 2 1.5 - 2.9 8.S 
8.1 l ).7 - 1.4 - 2.1 1.5 .. 2.5 
10.2 1 1.3 
7.1 • 1.S - 1.S - 1.4 - ,.2 2.4 - 1.4 - 0 - 0 1.7 
20., h 1.3 - 1.3 - .9 - 1.1 7.3 - 1.2 .. lO.O 
4.2 1 .3 
4.7 0 
6.2 2 3.6 - 2.9 l.l 
---
Experiment Number: 9 'ila __ 225 




Length Number Length Distance Between 
,.7 1 ).3 
4.6 2 1.2 - .9 2., 
• 24.2 7 4.7 - 1.2 - 1.) - .8 1.6 - 5.5 - 6.9 - 2.2 
.9 - .9 - 1.9 1.9 -.6 
16.) 5 .8 - 1.0 - 1.1 - 1.2 1.2 - 8.2 - .6 
1.4 
9.5 2 1.9 - 1.) 3.9 
8.0 .3 .7 - 2.7 - .5 4.0 - 1.0 
17.2 .3 .9 - 1.1 .. 1.5 7.5 - 4.6 
4.4 0 
6.0 0 
6.9 3 .7 - .7 - .7 o - 5.7 
7.4 2 3.2 - .6 2.9 
10.0 0 
10.0 1 1.4 
6.9 ) ).0 - 2.4 - 1.2 o - 1.9 
18.) .3 2.7 - 2.0 - .6 6.9 - 9.0 
22.) 0 
5.9 4 2.5 - 3.1 - 4.9 - 2.0 2.0 - 1.3 - .4 




Experiment Number: 9 l1lamenta 




Length Number Length Distance Between 
9.0 1 1.0 
22.9 6 2.1 - ~7 - 1.2 - 2.6 2.8 - 7.0 - 2.6 - ;., 
.8 - .6 0 • 
3.8 2 6.3 - 3.0 1.; 
11.0 3 3.2 - 1.0 - 1.0 2.4 - 5.5 
45.8 4 1.0 - 1.1 - .8 - .5 2.9 - 3.4 - 3.9 
13.1 0 
10.1 2 .6 - .8 4.5 
20.0 6 3.6 - 2.2 - 3.7 - 2.3 2.2 - 3.1 - 0 - ).9 
1.7 - 1.1 
12.6 1 .6 
6.9 4 2.3 - 3.7 - 2.0 - 2.6 2.7 - 0 - 3.6 
28.0 4 2.3 - 2.5 - 1.8 - 4.6 3.6 - 3.0 - 3.4 
9.0 2 3.2 - 3.8 3.2 
11.1 4 1.7 - 1.0 - 2.4 - 1.6 2.0 - 1.4 - 7.9 
16.; ; 1.1 - 1.0 - 3.1 - 3.8 3.0 - .8 - 1.2 - 1.6 
1.; 
;.1 4 ;.3- 4.7 - .6 - 4.0 1.2 - 1.9 - 0 
9.2 ) 2.6 - 2.6 - .9 o - 6.8 
3.7 2 2.8 - .7 2.3 
1.5 3 6.2 - 1.5 - 2.6 ).6 - 1.8 
L 
--
Experiment Number: 9 Filaments 227 




Length Number Length Distance Between 
6.0 2 2.2 - 1.0 6.0 
23.4 2 .7 - 1.1 4.1 
10 .. 6 1 .9 • 
8~3 3 1.2 - 1 .. 0 - 1.2 1.8 ... 5.4 
7.6 1 3.7 
4.6 0 
7.9 1 
18.4 6 2.5 - 1.4 - 1.7 - 6.4 2.7 - ).8 - 1.7 ... 10.0 
5.6 .... 9 
7.3 4 1.5 - 4.2 - 1.0 - 3.8 2.5 - 1.9 - 1., 
6.) 0 
17.4 4 1.7 - ).6 ... 1.0 - 1.0 10.4 - 1.3 - 3.0 
lU.8 0 
8.8 1 1.) 
9.7 2 1.4 - 1.8 0 
6.h 0 
A.veragel 12.2 2.$ 2.24 ).$8 
--
9 Filaments 228 Experiment Number: 




Length Number Length Distance Between 




10.0 2 • 11 - .8 7.6 
7.9 0 
$.2 1 1.1 
8.8 1 3.0 
$.1 2 2.2 - .8 1.4 
1$.0 0 
4.1 0 
7.1 .3 2.0 - 1 • .3 - .6 2.1 .. .3.0 
12.4 J 2.1 - 1.0 - .9 S.S - 2.9 
5.6 1 1.1 
.3.8 2 4.9 - 1.2 1.9 
6.L 0 
9.1 2 3.3 ... 9 7.9 
19.0 10 3.0 - 1., - 1.6 - 1.2 2.8 - 1~9 - 3.1 - 3.7 
3.0 - 2.5 - 2.4 - 1.7 3.6 - 0 - .9 - 1.0 
1.0 - 3.6 
9.S 2 .4 - • .3 6.0 
7.1 0 
... 
Experiment Number: 9 Filaments 
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Length Number Length Distance Between 
6,,3 4 2,5 • 7,6 - 5.8 - 5.9 2.5 - .8 - 1.6 
8.4 4 3.5 - 1.1 - 1.1 - .6 1.9 - ).6 ..... 7 
• 6.9 0 
16.5 3 7.0 - ).1 ... 2.3 ll.O - 1.4 
11.0 2 3.5 - 4.6 3.0 
6.3 2 3.2 - 2.1 4.9 
7.0 0 
32.0 12 1.4 - 1.6 - 2.3 - 1.2 1.3 - 1.4 - 2.5 - 4.$ 
3.8 - 2.0 - 4.8 - 5.3 2.3 - 3.5 - 5.4 - 2.4 
3.2 - 1.3 - 1.6 - 1.2 1.6 - 1.2 - 1.1 
12.3 4 1.0 - 1.2 - 1.6 - 1.8 1.6 - 2.1 - 4.4 
7.6 1 1.1 
11.8 1 1.8 
24.7 6 2.0 - 2.0 - 2.3 - .8 o - 3.0 - 1.0 - 8.1 
.6 - 1.7 8.) 
11.7 3 1.9 - 4.2 - 1.0 6.2 - 5.5 
20.4 5 3.0 - 1.1 - 1.4 - 2.8 2.9 - 0 - 4.6 - 3.9 
1.6 
ATerage' 10.6 2.53 2.17 3.37 
.... 
TA.8L1 9 230 
Lo.. of F.1..age11a at )80 O. J Orl.g1nel tetrpera tUl"e was 20° o. 
Summary of Values 
Hours of Av. Length Av. No. of Av. Length Av. Distance Plate % 
Incubation of Soma Flagella/ of Flagella 
Between Count Flagellated 
Individual 
Flagella 
Microns Microns Microns M/ML 
- ~~--~-.~- ---- ---.~-~-.. - -------._._--
1 8.6* 11.1 3.06 1.06 10.8 100 
1. , 7.1 7.8 ).46 1.16 100 
2.0 1.3.8 9.4 ,).04 1.80 15.2 100 
2.' 16.8 '.7 2.82 2.57 • 91 
,).0 15.1 6.1 ,.01 .3.23 2,.0 100 
3.' 16.9 6.45 2.5' ,).02 100 
4.0 1.3.0 4.28 ).00 2.75 44.3 100 
4., 12.2 3.60 2.76 3.07 8' 
5.0 12.7 4.53 2.46 2.68 100.0 86 
5.' 13.6 ).)0 2.88 3.ll 88 
6.0 14.7 ).94 2.47 ).10 110.6 88 
6., 11.7 2.'9 2.15 ,)·13 70 
7.0 11.' 2.18 2.01 4.69 108., 78 
7.' 12.2 2.' 2 .. 24 3.58 84 
8.0 10.6 2.'3 2.17 3.;37 97.' 7' 
*Baaed ~n Maeu.re ~nt& of' 2' 1 fo'O 1nd1 v1d ~al bacteria. 
Graph 9 ... A ~rimary 'emper ture 200 ; Secondary Temperature 380 
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9- B Pr1raary Te perature ~OC ; Secondary 
Avers. e Distance Behleen .1age l a 






Graph 9-0 Se.Qond,a,ry Temnerature 380 
Frequency Dl.stnDu'tion or Distance Betl-leen Flagella 
i H-++ +-.I ...... 1M 
0' 
CD 
t • 1=*1 •• 1 • r..1 _ 
I _~ •• ~.~ 
.... iIIi ••••• --++-t-t-t+++-t --t-t--t-H- -+-++--+-+-H--I  
.-
Graph 9-0 (Continued) 
Frequenc,y Distribution of Distance Between Flagella 
--+++++-ll_ 
--
Graph 9-0 (Continued) 
Frequena,y Distribution of Distance Between Flagella 
h - ~-I--l-H-+-H-H--H--H-&J&... dd:-=t;,. 
>3.' 
ce in Microns 
• 
intra-flagellAr fipacl.n.g lU\V be due to 't. ditferenae8 sa 




!R!~n~ Ho, !2 
.fJI the e.i:p.Hir~nte in uhich tllO prlna.r,f tGluperatu1'e wq 200 C. and 
with & loopfu]. of La oonos-to&2~$. 'lVo tubes 'f,l):ro pb.eed in a 2QO c. 
ineabato'r, and two were placed in 4 ,380 C. il'",o'.ibatJor. Ew17 tMo ttq., the cul: 
tu.naa _re centritug$d and too supGrnat&t decanted and retum.ed to • 
respective iDcrJ.bator. 
Whan tbe broth we uld no l.tmpr ~.lr9ort grovth, anotlltr looptul. fit 
Llsteria va inoculated. as a turtber oaltl"Ol. 1':hen no growth was .'fidem. 
I 
attAr 96 boQN of incubation, tiD _di_ va inoculated w1tJla ""'7 __ .e1<a 
fit .. lla and plMN 1ft a 38° C. 1neubator. 
'l'hta etupHu40n of .. l1.I .. pam at .'IfIJ C.. IIld vubtad Me. for 
15 m:J.mde" with .terne vater. Plate eouate w:re m.ade and aliquot. t .. 






















iR!n.nt No, 19:6 
b medi_ .. exbaueted a't )8° OJ t.ba ----17 1naubaUoa 
p 
Experiment Number: lO A 239 
Incubation Time at 1st Hour at 38 c. 
Plate Count: 115.7 coloniee from JIll. x 1rP 
Soma Flagella 
--


























Experiment Number: 10.1 
Incubation Time at 8th Hour at J8 C. 
Plate Count: 94 colon1es tna ml. X 106 
Soma Flagella 
--
Length Number Length Distance Between 
1.5 1 
I 2.4 1 I 


















Average 4.8) 5.0 
~ 
241 
!1P!~~t No, ,Je:! 
11. procedure was the fUiImG 6W in fuq:~l"".i..mt }lie. lO-A. 
242 
Experiment Number: lOB 
Incubation Time at 1st Hour at 38 C. 
Plate Count: 76 colonies .from ml. X 1'" 
Soma Flagella 
--
Length Number Length Distance Between 
4.2 4 
15.8 11 



















Avere.ge 5.95 $.1 
Experiment Number: lOB 243 
Incubation Time at 8th Hour at 38 C. 
Plate Count: 47.S colcmie8 from ml. X uP 
Soma Flagella 
--
Length Number Length Distance Between 
6., , 
4.7 .3 


















Average 6.14 4.8 
~~No,l~ 
1b9 ~rtedium wu exMtteted at 2()O C., the 8ecot'M'lary incubat10a 
-245 
Experiment Number: 10 C 
Incubation Time at 1st Hour at )8 C. 
Plate Count: 151 colonies rr. ml. X uP 
Soma Flagella 
--
Length Number Length Distance Between 
4.7 6 
7.3 2 


















Average 6.86 7.1 
L 
Experiment Number: 10 C 
246 
Incubation Time at 8th Hour at )8 c. 
Plate Count: 94.S colonies from ml. X w6 
Soma Flagella 
--
Length Number length Distance Between 
,.6 4 
7.6 9 

















3 .$ 4 




Experiment Number: lOD 
Incubation Time at 2-' Hour at ,. C. 
Plate Count: 100 coloniel hOIl Ill. X 106 
Soma Flagella 
--
Length Number Length Distance Between 
'.6 6 
4.1 6 

















" 6.l J 
A-. S.oo $.0 
249 
Experiment Number: lOD 
Incubation Time at 8th Hour at 38 C. 
Plate Count: 86.5 colonies tr(ll1 mI. x uP 
Soma Flagella 
--
Length Number Length Distance Between 
2.7 2 
6.1 5 

















" 2.5 1 
Average 5.76 5.1 
r 
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2. 'l'bG viable C6ill OOWlt deem ••• du.r"..ng 'l;.h1s eight hour 
interval. 
3. :l.'lw var.i.a1:.iou ill the av.ra~J"$ ot the nwaber or £lagel.la. 
118_1 to b. due tv in. dli'feranoelll in the leDCth of tie 
I 


















Primary incubation Temperature 200; Secondary Temperature 380. 
Sample taken before culture was placed in the 380 incubator. 
t ' 
• 
• . . . . 
• 
• . . 
. " 
• • • • • 
• .. 
• 
L __ _ 
Photograph 2 Hour 2.0 
Primary incubation Temperature 200; Secondary Temperature 380. 
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• 
. 0 
Photograph 3 Hour 4.0 












Photograph 4 Hour 5.0 
Primary Temperature 200; Secondary Temperature 38G. 
• 0 
I ' 
• • • • 
• o • • /' • , 
• 
• 0 
• • • \t ' • • 
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• .. • • • • • • • • .... • 
. 
~ 
I ' Photor;:'~i~h 5 Hour 4.25 
Primary " in~ubation Temperature 38C; Secondary Temperature 2OC. 
Photographs 1 through 4 show a decrease in the number of flagella, 
and an increase in the distance between the flagella. 
Photogr aph 5 shows the beginning of flagellar appearance. In the 
following hours, the number of flagella will increase, the length will 
increase, and the flagellar spacing will decrease, resulting in an 
organism similar to photograph 1. 
!2,.-bet 10. ~ 254 
The purpose of this experiment was to determine the 1ncJ'U8. 1n 
length of flagella per unit time. Ii. looptul of Listeria 'WU 1Doculated. inte 
200 JUl. of a.aitona broth, and ineubat.eti at 'SO C. until tn!'bidi. was eY1dent. 
!'he culture .. tranat.rred to 8 200 C. or 300 c. 1Doubator and .Uquot .... 
At the critical hour in which nagella appear, S&qlbs were drawa fIf'Iery t1ve 
minutes tor. period of th!rtq minutes. Slides were prepared and. .tained. 
Hour 'l'eapeJ'atu"e 
8.4, ~ O. 
9*4, 2()0 o. 
.,014' :l.fP o • 
U.4, ;;.00 o. 
u." ~ o. 
~.oo 
1.210, 
Luath of nagella 
10 nagelle vi810la. 
10 nagel1a 'flalble. 
10 nqeUa ne1b-le. 
10 tJ..aaeUa vlsib1e. 
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., - ., - .2 - ., - .1 - .2 - 0' - .1 • .2 - .1 - .1 
., - .4 - .7 - .2 - ., - ., - .6 - .1 - 1.0 - .2 - .4 
., - .4 - .4 - .1 - .2 - ., - .7 - .4 - .4 - .2 - 0' 
.7 - ., - .2 - .2 - .1 - .1 - .2 - .2 - .4 - .4 • .2 
.) ~ ., ~ ., ~ .6 ~ ., ~ .7 ~ ., ~ .7 ~ .4 ~ .3 - .4 ~ 
.2 - .4 - .4 - .4 - .6 - ., - .2 - ., - .7 - .1 - ., 
., - ., - .7 - 0' - .2 - ., - ., - ., - ., - .1 - .2 
., - ., - .2 - .1 - .2 - .2 - .2 - 0' - .4 - .4 - ., 
.8 - ., - .4.- .4 - .2 - ., - .2 - .4 - .2 - .6 - .1 
.6 
.4 - .4 - 0' - .8 - .6 - .5 - ., • ., - ., - .4 - ., 
., - .4 - ., - ., - 0' - .) - .7 - ., - ., - ., - ., 
1.2 - .4 - ., - .4 - ., - .4 - ., - ., - ., - .4 - ., 
., - .4 - ., - .6- .4 - .4 - .4 - ., - ., - .2 - .4 -
., - ., - .4 - .4 - .6 - .l - ., - .4 - .6 - ., - .6 
.6 - .4 - .7 - 1.0 - .5 - ., - .6 - .6 - .8 - .4 - ., 
.1 - .7 - ., - .4 - .3 - .J - .6 - ., - ., - .6 - .4 
., - 2. - .4 - .4 - .2 - .4 - .6 - ., - ., - 1.0 ~ •• 
• , - .6 - .8 - .7 - .6 - .6 - 0' - .4 - .3 - ., - .7 
.4 - .4 - ., 
1.2 - 1.4 - .6 - .6 - .6 - .5 - 1.0 - ., - .7 - .8 - .8 
.5 - .) - .J - .7 - .f - 1.0 - .l - .1 - .4 - .4 - .6 
1.7 - 1.2 ~ .9 - 1.1 - .4 - ., - .8 - .2 - .4 - 1.0 
1.) - .6 - .4 - ., - ., - .7 - .6 - 1.4 - 1.4 - .6 - .6 
.8 - .9 - 1.0 - 1.0 - 1.0 - .9 - .9 - .9 - .8 - 1.0 - J 
.8 - ., - ., - .J - 2.6 - .6 - .7 - 1.0 - 1.6 - 1.1 - : 
1.2 - 1.7 - ., - .9 - 1.0 - ., - 1.' - .6 - 1.2 - 1.1 
.8 - .8 - .6 - .7 - .J - .8 - 1.0 - 1.0 - 1.6 - 1.2 
.7 - 1.1 - ., - .3 - .7 - ., - .4 - .4 - .5 - .9 - .4 
2.4 - .7 - .4 - .7 - 1.' 
Ave"ap' .82 
20° 0. 
12120 20° o. 
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1.2 •• 8 - ., - .9 - .6 - 1.' - ,.0 - 1.6 - 1.8 - 1.' 
.7 - .9 - ., - ., - 1.6 - .7 - 1.' - .6 - .6 - 1., -
1.0 - 1.7 - 1.' - .6 - .6 - 1.4 • I.' - .6 - 2.0 - ., 
.4 - 1.0 - ., - 1.4 - 1.' - .8 - .6 - I.e - ., - .,,-
2.4 - .5 - .7 - .6 - .6 - ., - .4 - 1.1 - ., - .4 - ., 
.5 - 1.' - 1.2 - .6 - .6 - .7 - ., - 1.0 - .9 - .6 - .6 
1.6 - 2.0 - .4 - .6- .7 - .4 - .6 - 2.7 - 2., - .9 - ~. 
1.3 - ., - ., - .7 - .2 - 1., - 1.0 - ., - 1.1 - •• -.~ 
1.' - l~O - .7 - I., - 1.7 - .4 - 1.0 - 1., - .J - 2.1 
1.3 - 1.2 - .4 - .8 - 2.0 
A.erage. ..99 
1.0 - 1.' - 2.1 - 1.0 - ., - 1.9 - 1.2 - ., - .9 - 2.1 
1.7 - .9 - 2.0 - 1.2 - 1.6 - 2.2 - 2.4 - 1.8 - .2 - 2.1 
1.1 - .4 - 2.4 - 2., -1.' - 1.7 - 1.8 - 1.2 - .9 - a.1 
., - .9 - .8 • 1.0 - .) - 2.Q - '.9 - .9 - .9 - 1.9 
1.9 - 2.J - .9 - 1.7 - 2.6 - ., - ., - .4 - .4 - .7-
.7 ~ 1.9 - 2.0 - I., - .7 - 1.' - .6 - 1.2 - 1.6 - 1.2 
1.1 - 1.1 - .6 - 1.1 - .8 - 1.2 - 2.2 - ., - .7 - ., 
.6 - .7- 1.' - .6 - .~ - .9 - .3 - 1.7 - 1.0 - .7 - .1 
1.2 - .9 - ., - 1.9 - .9 - ~.O -~.s· ., - .6 - ., 
.8 - .9 - 1.0 - 1.0 - .s - .6 - .8 - .7 - .9 
Ayerage. 1.1' 
2.0 - .6 - 1.4 - 1.7 - 1.1 - 1.1 - 1.0 - .4 - ., - 1.4 
1.8 - 2.7 - .7 - .d - .8 - .7 - 1.6 - 1.9 - 1.' - .8 
1.7 - 1.0 - 2.5 - 1.7 - 1.6 - .4 - 1.7 - 1.0 - 1.4 - .1 
.7 - .9 - 2.0 - 2.0 - 1.3 - .9 - 1.1 - 2.4 - 1.9 - 1.6 
.6 - .5 - 1.9 - 1.0 - .4 - .7 - 1.1 - 1.4 - 1.7 - 2.1 
.6 - 1.1 - .7 - .5 - 1,8 - 2.2 - 1.8 - 2.' - 1.1 - 1.4 
1.6 - 1.1 - 2.0 - 1., - .7 - 1.) - 1.x - .8 - .8 - .7 
1.2 - 1.S - 1.' - 1.8 - 1.4 - 1.1 - .8 - .4 - 2.0 - ., 
1.6 - 1.4 - .6 -1.0 - ., - 1.1 - 1.9 - 1.4 - 1., - 1.1 
1.3 - ., - 1.' - .7 - 1.0 - 1.2 - .J - 1.0 - 2.2 
Hour 1'eaperllture 
200 O. 
12130 200 O. 
l 
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Experlaent No. 11 ... A Continued 
Length of Flagella 
'.5 - 1.4 - .6 - 1.2 - 1.4 - .7 - 1.8 - 1., - 2.1 
1.4 - .6 - 1.2 - 1.1 - 2.~1.1 - 1., - .7 - 1.' - 1.1 
.4 - 1.0 - .4 - .8 • ., - 2., - 1.4 - 2.8 - 1.7 - 1.6 
., - .9 - .7 - 1.2 - 1.4 - 2.4 - .9 - 2.2 - .7 - 1.1 
1.6 - .9 - 2., - 1.1 - '0' - .8 - 2.8 - 1.0 - .1- 1.' 
1., - .2 - 1., - 1.8 - 2., - 1.0 - 2.0 - 2.2 - 2.6 
3.' - .8 - .4 - 1.6 - 2.6 - .4 - 1.4 - ., - .6 - 1.' 
.9 - .8 - .6 - .4 - 1.8 - .5 - 1., - .3 - ,.0 - 1.4 
., - 1.7 - 2.8 - 2.0 - 1.4 - .7 - 1.6 - .8 - ., - 2.0 
~., - 1.4 - 1.1 - 1.0 - 2.0 - .8 - 1.2 - 1.9 - .8 - 2.2 
• 
.9 - 1.7 - 1.7 - .7 - 1.1 - 1.0 - 1.4 - 1.4 - 1.' - 2.0 
.7 - 3.0 - 2.8 - 1.9 - .9 - 1.' - .6 - 2.6 - 1.8 - .4 
2.0 - 2.2 - 1.3 - 1.6 - 2.5 - 1.2 - 1.7 -2., - 1.2 -
.4 - 1.' - 2.6 - 1.0 - .6 - 1.0 - 1.1 - ., - 1.2 - 1., 
).'; - 1.8 - 1.0 - 1.7 - 2.2 - .7 - 2.) - 1.7 - 2.4 - ., 
.4 - 1.1 - .9 - 1.0 - 2.0 - 1.4 - 1.4 - 1.3 - 1.1 - 1.8 
.9- 1.' - 1.0 - .9 - 2.1 - 1.5 - 1.6 - 2.2 - 1.4 - 2.0 
.4 - 2.1 - .3 - .7 - 1.8 - .9 - 1.9 - .5 - 1.0 - .7 
1.' - 2.4 - 1., - 2.7 - .6 - 1.8 - 1.4 - 2.7 - 2.' -,.1 















Length of nagena 
No flagella Yisible. 
No flagella Visible. 
10 flagella Yisible. 
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.6 - .7 - .) - .) - .8 - .7 - .2 - .2 - .) - .8 
.S - .1 - .1 - ., - .1 - .8 - .2 - .) - .2 - .6 
.) - .5 - .4 - .2 - .) - .8 - .3 - .2 - .4 - .) 
.4 - .6 - .] - .2 - .) - 1.2 - .3 - .3 - .2 - .2 
.) - .) - .4 - .) - .4 - .2 - .4 - .) - .2 - 1.2 
.2 - 1.8 - .7 - .6 - .7 - .) - .7 - 1.0 - .1 - • 
1.1 - .5 - .3 - .2 - .1 - .5- .6 - :6 - .4 - 1. 
f.3 - .3 - .) - .) - .) - .4 - .2 - .6 - .2 - .) 
.7 - .2 - .4 - .) - .) - .4 - 1.4 ~ 1.) - .1 - • 
• 7 - .2 - .4 - .) - .2 - ., - .4 - .] - .2 
";"erage t .47 
1.0 - 2.) - 2.0 - .3 - 2.2 - .) - .6 - .4 - 1.4 
1.1 - .4 - 2.2 ~ ).1 - .) - .4 - 2.4 - .8 - 1.L 
.2 - .2 - .8 - .6 - .4 - .) - .4 - .] - .) - 2.3 
.6 - 2.) - 1.) - 2.1 - .) - .) - 1.8 - .4 - 2.6 
.6 - 1.5 - 1.1 - 1.J - 1.5 - .9 - .) - 1.8 - ~8 
.6 - 1.9 - 1.5 - 2.2 - 2.8 - .9 - 1.4 - .4 - .) 
.) - .3 - .4 - .4 - .2 - .2 - .7 - .4 - .4 - .S 
.4 - 2.S - .3 - .4 - .S - 1.J - .3 - 1.4 - ., 
1.) - .5 - .8 - 1.L - .6 - 1.0 - 2.2 - .6 - .9 
1.3 - 1.4 - 1.0 - 1.$ - .8 - 1.6 - 1.7 - 1.3 -
1.0 - 1.2 - 1.9 - 1.2 - .] - .4 - .7 - .4 - 1.5 
Averages 1.01 
.2 - 1.8 - .6 - .6 - 1.8 - 1.9 - 1.2 - 1.2 - 1.6 
.2 - .4 - 1.1 - ).4 - .9 - .) - 1.6 - 1.8 - 2.8 
.2 - .4 - 1.5 - 2.6 - 2.S - .3 - 2.] - 2.2 - 1.5 
1.4 - .L - .8 - .9 - 2.0 - .8 - 1.4 - .9 - 1.9 
.3 - .) - .3 - .3 - .5 - .6 - 1.0 - 2.6 - .6 
2.6 - .2 - 1.4 - .6 - 1.) - .3 - .6 - .] - 1.S 
.4 - .h - .6 - 1.9 - .9 - 1.4 - .2 - .2 - 1.0 
.1 -1.6 - .6 - .9 - .1 - 2.2 - 1.5 - 1.5 - .5 
.5 - 1.1 - .4 - .L - ].1 - .2 - 1.2 - .4 - 1.0 
.4 - 1.5 - 1.2 
Average: 1.11 
Hour 
11.0$ JOG c. 
11.10 )O°c 
1111S JCI' c. 
l 
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LeDgth of napl.la 
.6 - .2 - 2.4 - .8 .. 2.1 - .4 - .) - .$ - Lit 
.6 - 1.2 - .2 - .2 - .$ - .5 - 1.0 .. 1.7 .. 2.0 
1.5 - 1.0 - .4 - 1.0 - .8 - 1.1 - .<) - 1.4 .. 1.' 
.9 - 2.7 ... 4 • 2.5 - 1.6 ... , ... 5 - 2.1 .. 2.1 
.7 - 1.3 - 1.2 - 1.6 - 1.0 - .) - .9 - .8 .... 
2.2 ... 8 - 1.1 - 1.4 - 2.4 - .5 - .9 - 1.1 - 2.0 
.3 - .5 - 1.0 - 2.2 - 1.3 - 1.1 - .5 - 1.2 .. 1.1 
2.3 - 2.2 - 1.7 - .8 - 1.4 • 1.4 - 1.9 - .4 - .6 
1.0 - .s - .2 - 1.2 - 1.8 - .S - 1.3 - 3.1 -1.) 
2.1 -.8 .. 2.1 - 2.4 ... 5 - .2 - 1.4 - .; - .7 
1.1 - 1.5 - .7 - .7 - .9 .. 1.1 - 2.7 - 1.2 - 1.' 
.3 - 1.5 - 1.0 
ATerage I 1.16 • 
2.) - 2.0 - 1.1 - 1.6 - 2.0 - .) - 2.1 - .; 
1.7 - 2.0 - .6 .. 2.2 - 2.2 - .8 - 3~6 - 1.4 ... S 
1.3 - 3.1 - .) - 2.7 - 1.6 - 1.5 - .2 - 2.$ - 1.4 
1.0 - 1.4 - 2.0 - 1.7 - 1.2 - 1.9 - 1.0 -3.' 
2.4 - .6 - .2 - 1.6 - .7 - 1.) - .4 - .; • 1.2 
.4 - .9 - 1.8 - .) - 2.2 - .5 - 1.1 - 1.9 .. 2.8 
.8 - .; - 1.1 - 1.6 - .5 - .4 - 1.1 - 1.8 - .2 
2.4 - 1.2 - .7 - 1.0 - 1.6 - .7 - 1.) - 3.4 - 2.0 
1.8 .. 2.4 - 1.9 - .5 - I.) - .7 - .4 - 1.; - 1.0 
2.2 - 1.7 - 1.5 - 1.5 - 1.6 - 1.1 - .3- .8 ... 1 
.9 - 1.1 - 1.0 ... 3 - 1.2 - .3 - .6 - 2.7 - .6 
.4 
ATerage: 1.3$ 
2.7 - .8 - 1.8 - 2.5 - 1.6 - I.) - 3.6 - 1.1 
.7 - .6 - .1'· .8 - .2 - .; - 1.5 - 1.$ - 2.1 
.7 - .) - .9 - 1.6 - 1.6 - 2.5 - .7 • .4 - .S 
2.4 - 1.0 - .4 - 2.4 - 1.1 - .9 - .4 - .7 - .S 
.6 - 1.8 - .) - .5 - 1.4 - 1.0 - .5 - 2.1 - 1.9 
.b - 1.4 - I.) - 2.1 - .7 - 2.1 - 2.6 - .6 - ~.b 
1.8 - 2.4 - 2.1 - .9 - 1.2 - 2.4 - 1.7 - 1.$ -
1.2 - 1.4 - .8 - 1.5 - 2.8 - 1.3 - 2.6 - .6 - .9 
.9 - 3.5 - .8 - .9 - 1.9 - 1.6 ~ 2~3 - .$ - .7 
1.4 - 1.6 - 2.2 - .9 - 2.4 - 1.7 - 1.2 - 2.2 -
1.6 - 3.3 - .4 - 1.6 - .8 - 1.S - 1.) - .3 .-.6 








BJtper1.ant 11 - B Continue4 
Length of Flagella 
1.1 - .8 - .8 - 2.1 - .4 - .9 - ).8 .. 2.6 ... 6 
.4 - • S - 1., ... 7 - 1.9 - 1.0 - 2.9 - 2.1 ... _ 
2.9 - 1.6 - .) - .6 - 1.3 - 2.0 - 2.2 - 1.1 • .1 
2.4 - 4.S - 2.1 - .9 - 2.2 - .8 - 1.0 - 1.) .. 1. 
1.2 - .6 - 1.4 - .5 - .8 - 1.2 - 1.0 - 1.4 .. 1.1 
.4 - 1.2 - 2.4 - 1.8 - 1.4 - 1.) - .4 - 2.~ 
3.6 - 1.6 - .7 - 1.4 - 1.4 - 3.1 - 1.0 - 1.6 
1.0 - ,.0 - 1.8 - 1.2 - 2.6 - .9 - 1.2 - 2.2 
2.0 - .5 - 1.3 - ).1 - 2.5 - 2.2 - .7 - 1.6 - ._ 
1.7 - 2.6 - ., - 3.0 - .5 - 4.4 - .7 - .9 - 1.8 
2.0 - .8 • 1.9 - .6 - 3.4 - 1.4 - 1.5 - 1.; -,1. 
















Expe riment 11 - C 
Length of nagella 
No flagella visible. 
No flagella visible. 
No flagella visible. 
WE"' 15 
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.5 - .5 - .5 - .2 - .) - .8 - .5 - .2 - .1 - .2 
.1 - .] - .h - .5 - .4 - .4 - .2 - .5 - .4 • .S 
1.2 - .~ - .1 -.h- .) - .4 - .2 - .) - .4 - .1 
.] - 1.0 - .3 - .3 - .2 - .] - .1 - .2 - .6 - .) 
.) - .) - .3 - .2 - .3 - .3 - .1 - .4 - .2 - .1 
.4 - .) - .5 - .7 - .2 - .2 - .3 - .& - .4 - .8 
.6 - .3 • .2 - .h - .4 - .) - .1 - .4 - .2 - .5 
.) 
Average, .40 
.2 - .) - .5 - .3 - .2 - .4 - 1.6 - .2 - .9 
1.5 - .5 - .3 - .LI - .4 - .5 - .5 - .3 - .5 - .1& 
.) - .3 - .2 - .1 - .2 - .3 - .2 - .2 - .1 - .1 
1.2 ~ .2 - .2 - .3 - .3 - .4 - .3 - .6 - .6 - .5 
.4 - .4 - 2.4 ... .!.l - .4 - .) - .4 - .6 - .. 6 - .2 
.2 - .7 - .) - .8 - .8 - .4 - .4 - .3 - .6 - .5 
.2 - .1 - .5 - 1.1 - 1.1 - .6 - .) - .4 - .6 
.) .... 2 - .4 - .1 - .3 - .) - 1.8 - .5 - .2 
.8 - .2 - .) - .3 - .3 - .6 - .4 - .9 - .2 - .) 
.4 - .9 - .5 - .2 - .4 - .6 - .) - .4 - .3 - 1.1 
2.0 - .8 - .3 - .5 - .5 - .3 - .8 - .3 - .9 -
1.0 - 1.5 - 1.0 - 1.4 - .6 - .1 - .4 - .4 - .2 
.2 - .5 -.5 - 2.4 ~ 1.0 - 1.0 - .9 - .5 - .~ 
.5 - 1.3 - .9 - .6 - 2.2 - .4 - 1.5 - 1.) - 1.3 
1.3 - .4 - .4 - .2 - .2 - .3 - .1 - .6 - .4 - .2 
.$ - .4 - .4 - .3 - .2 - 1., - 2.4 - .4 - ., 
1.8,- 1.0 - .9 - 2.1 - .7 - 2.0 - .1 - .6 - 1.5 
2.0 - .2 - .6 - 1.4 ..... 2 ~ .. , - .4 - .5 .... h - .4 








Exp!riment 11 - C Continued 
Length of Flagella 
1.5 - .8 - .3 - .8 • .8 - .7 - .6 - .3 - .; - .8 
1.0 • .6 - .5 - .5 - .6 - .9 .... 1.8 - .5 ..... ) 
.4 - 1.6 ..... 3 - 1.4 - 1.7 - 1.3 - .5 - .6 - .) 
.5 - .2 - 1.0 - .9 .. 1.1 - .8 - .5 - 1.6 .. 1., 
.4 .... 2.1 - 1.9 - 2.0 - 1.0 ..... 9 - .1 .... 1.2 - 1.1 
.h .. 2.9 - .3 - .4 - 2.2' - .7 - .4 - .2 - 2.) 
2., ... 5 - 1.6 - 1.3 - .) - .6 ..... 4 - 1.2 - ,.ft 
1.5 .... 1.0 - .3 - .8 - .5 - .4 - .9 - .2 - 2.1; 
1.8 - .4 - .4 - .4 - 1.3 - 1.0 - 1.0 - 2.0 .. ., 
.7 .... 1.9 - .h - .) .... 1.9 ..... 2 - .) - .7 - .6 




1.8 - 2.S - .4 - 1.1 - .4 - .S ..... 6 - 2.3 ..... t 
1.6 ..... 4 - .6 - 1.1 - 1.7 - 1.2 - 1.5 - 1.2 - 1 • 
• ) - .7 - .) - 1.7 - .4 - .9 ..... 3 - .1 - 1.0 - • 
• 3 - .4 - I.) • 1.2 - 1.3 - .s - 1.1 - 1.3 ..... 6 
.3 - ~7 - .5 - .2 - .3 ..... 6 - .5 - .4 ..... 2 - ., 
1.0 - t.O - .2 - .4 - .2 - 1.0 - 1.1 - .2 .... l.t 
.4 - .~~- .4 - .6 - .2 - .) - .5 - .) - 2 •• - .; 
3., - 1.1 - 1.1 ... 6 ..... 7 - .4 - .4 - 2.1 .. 1.7 
.4 .... 1.9 - 1.1 - 2.0 - 1.0 - 1.2 - ., - 1.0 -
1.0 ..... 7 - .4 - 1.0 - 2.0 -,.3 - 1.2 - .4 .... 2;4 
Average. .90 
I,D - .4 - 1.3 - 1.5 - 2.0,- 1.) .... 1.0 - 1.0 
1,6 - 1.6 - .6 - 1.4 - .2 - .5 - .7 ..... 9 - .)- . 
• h - .4 - 1.0 - 2.4 - 1.9 - 1.3 - .9 - 1.S ~ .• , 
1.8 - .2 - 1.4 ..... 3 - 1.5 - .5 - .6 - .8 - .) 
.4 - .8 - 1.2 - .6 - .3 - .4 - .8 - 2.0 - ., - .2 
1.2 - 1.7 - .4 .... 1.7 - 1.2 - .4 - .4 - a.7 - .~ 
1.5 .... 1.7 ..... 4 - 1.1 - .7 - 1.6 - .8 - .8 - .s 
1.6 • 1.0 - 1.1 - .6 - 1.2 - .) - 1.2 - .8 - .) 
.3 - 1., - 1.2 - .2 - 1.4 - .2 - 1.0 - .5 - .6 ' 
1.4 - ~6 - 2.5 - .2 -., - .~ - .) - .3 - .5 
1.4 - .4 - 1.1 - 1.2 - 1.2 - 1.4 - 1.9 - 1.8 
2.6 - 1 • .3 - 2.5 
A:verage, 1.00 
Graph ll-A Secendary Temperature 200 
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Graph ll-A (Continued) 
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Resul ts of ~ riment No. 11 
Experiment 11 - A t Secondary incubation taperature ia 200 c. 
At 121.30 P.M. the avera~e length of flagella ..... 1.b9 microns. At 
11.55 A.M. the average length of t:Laafua was 0.36 mioro",. For a thirly-fin 
minute interval there was an average increase of 1.11 m10lDQ.. 01" 0.0)2 lJdCl'ODll 
per minute. 
Experiment 11 - Bt Secondary incubation temperature itt .)00 C. 
At 11,20 A.M. the average length of ~lla was 1.56 miorone. At 
10t45 A.M. the averar,e length of flagella was 0.41 microns. For •• thir~five 
minute interval, there was an average increaSe of 1.09 mcroM or 0.031 
microns per minute. 
Experiment 11 - C a Secondary :lncubation is .300 c. 
A.t 11el5 A.K. the av~rage lcgt.h of fugella ,.,.. 1.00 mcroM. At 
11tl0 .A.M. the average length of nagella 1'rae 0.40 microns. For a twnV-five 




The p~_ et th1e research was te 4eteJll1De the •• et bacterial 
pwth, U811\l a stram of Listeria .. n-eDDls. In th1a paper, ,rowth 1. 
4et1nafl as the &4ld1t1cm or new subatance to the cell which 18 maniteate .. by an 
inore .... 1D the length of the cell. 
Several bJpotheaes can be advance .. concem1nc the m_ or bacterial 
• 
grwth. 1) Growth occur. at the tip of the indi'Viclual orcan1a. 2) Growth 
eoelD'8 v1thin the cell 1n a random manner. ) Orowth oeeura with1D t. ceU 
at spec1fie points or areas. 
The rim hypot.bes18 .. be cona1dereclia that concem.inc atwth at 
tlI8 tip of the .. gani... In the exper1m.ent in which the pr1Jl.az7 incubation 
temperature wu 200 C. and the .condar,y tempeJ'&ture was 380 c. OM woulAl 
expect normal intre.flagellar EP8.eing on part of the orgmia aM an abnormal. 
spac1na on the rest of the orpa:l.a. UteI' one generation approx:1aate17 titt:r 
percent of the organi8lUl 'WOuld be non-tlageUated, while tl8 rest l'8Ba1aM 
normalq nag.nated. 
The average distance between the nageUa rem.a1na tairly unitom 
over the length of the soma as seen from the frequenq distribution ,raphe of 
E2P8rimenta 4 and 9. bse histograms indicate that there ie 811 1ncJWaae in 
tba awrage distance between flagella as tM incubation ~ mere ...... From 
Ixper.l.ment 9, the relative number of viable organillRS, baaed OIl plate count, 
has doubled in lese than three hours and yet the percent of f'lacellatecl 
o ani_ remai_d conetant. 270 
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rr. \lIta _vidence 1t ... Ut)lUal¥ t.ba.t ,l'Gftb 00 .... at tM Up 
.t .. 1Dd1ftdual. 
'nit ...... bJpe""au. 11 that Crowt.b .. ooeur vtWA .. 0,, __ 
1& a nn*", _r. It tld.a 18 tM ease. .. IDUld .,..,.c" that tM Sat ... 
t1aallar spacdnc would: un1f'orm.ll' 4eoJeue ¥ban tM .-.4&17 1iIIIIpe ..... U 
toO c. L1kar1.., it would .. _.oW \!Iat tt.. aple1,... voulcl ~ 
iDe ... ¥ben the .... ctuy 1aoubaU. taapt,.toa '8 )80 a. 'DIe Id. ....... 
• 
of the ct1stanee8 betw_ tm tlat-.ua do not. ahow a CQIIpleW17 ftDfloa tU8t.dlN-
U. 01 in~ll.ar ci1ataDeas '"'" ith18 .-be .. to ehaMe. 
b t.h1l:d hJl'potheld.8 18 that ,,... _ occur vi\1d.a U. ..u. at; 
epectt1e Aft... Scma b1atopem., .apeo1alq ~nt 1 tbroach', .... 
... en ... of defW. gft>t4>tDp of tbt intatlapUar sp ....... ftda 
ia41eatu. to a l1aa1tAd .'IM, that. pwth .t tM .... 18 occur1lt& at eptcd..fte 
..... v1tb1a tIa 01'lan1a. 
70 t'Ul"\.... euppon tb. eacond and thlrcl bJpotbe... cu1 t1.tFel 00I'ldi-
t.H8I ._ adjutad eo tbat tl,.,eUaw ore.d._ ~4 Y1able tor _ 
a1llat hour peJl10d without. WldeJtlOtnc JlultipUCMiUon. J'l'aI ~ lO, 1t 
.. been I'hOWn that the aver ... n:_ber of .aa,aua pill' 1ad1Y1daa1 ol'laaia 
........ alJaoat eonatant tor aa eight hour period. wtthia w.. period the 
ftlaUY8 ntllber or Viable cell..e baaed on plate couata decN ..... 
1!uu ... toa 11'1 Exper.tJaenta 4 and 9,· till acre ... 111 t.a. .. ,... 
nUllliber of il.COlla 1. not dUff to the nagaUa tall:1_ oft t.bI cell. _.r, 
lt ... that gi'fC a eertaiD mmaber or f1.,.11& pel' :lnd1vi4ual at • 
*parat ... at lIh1cb the cell did._ but no new tlaaella ."... • ..,. dIMaMe 
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1rl the ntaber or tlaaeU. 1a due to a dUut.tng out. f4 tile tlaceUa ... Jl8V 
ptOpIV'. 
FJtca ~ 7 and 8 in wblob plate count ......... 1t __ 
tbat ttwre 1. a relatlOll betwen tbe appearance f4 tl8&e~ acI tM ft.". 
-- or the.... It. ... alao teen eIdm Vat, ... the rlaplla f1nrt, a]JpdJt, t_ J1de __ t baa flaublecl.. 'l"h18 .1Iaul-.ou appe_NIl. of ~1l ... and 
s.nc".... in eolol\'r comt may be co1u1den. 0 .. the .. may be _ .. ~'Ual. 
re1at1cnlbip beWHD thea. \be et.teot of the 0'" in *Ptraw. 'ta tla .. 
• spe~ta might attect. tta lag pba .. of tl..qeUv lrowth and t_ lac ..... 
of ....uo n.8aion tor t. e .. t1lle 1ntel'Wl _1'811' b7 oban... Hew_'" the. 
UiY' be an ••• Ual relation betvec t'l.agel.lar grwth and mulUpl:f.caUoa of the 
ceU. It.., be that flagella appear on the cell cnq wb:Ue theN 18 aou ... 
41 v1810n or the organl., it thB incubation t.peratunt is INCh t.bat tlacella 
•• pow. For .... le .. in ........ t 8, the paau.at .ew .. 1ft tl.a&ellar 
epao1ng ~U1"t"H ..... tbe tta.1OD. rate ... tba~. TJd.a 1acIS.tratea t'bere 
ta DO rl'(lf\h of tlagella in • reeting auaptn$1.Oft, 1 ... , witbottt dtv1a1eD of 
.u.. It would __ that, 1a tho_ experiaente 10 Which the p~ in ...... 
Uoa taperature vas -zoO O. ed tbI _cc.ndal7 i:empeI'ltlWre .. 'J8" C., t.beIW 
.. &l.ao .. a fttle.t101l ... ~ the fission of the cell and .. cI1~ 
of flagella. 
Aa a oc1'Oll&t7, sample. weft remo"'" tor ~ and .. leDCtb fit 
the flagella were sasu.rad at .five I'Idnu.te itltewale to ._ndne the 1l1l:I ..... 
1D length per unit tu.. It .... that the flagella lDcw .. at a rate of 
0.02 to 0.0) mieroM/lI1n. It 18 fttal1zed that, 1ft t.bt dawl'ldJlattOQ of ta. 
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...... of 1DcIeue 1D ~ the new t1&aeUa are 1Je1Jt& lDclUdM. 1D ... ..,. 
8. ,,1.. For laok or • MOre aecv.rate _thod, the rate hu been __ •• ., ia 
th1e __ • ~ it in tbat the BIPll.el" me48Ure.aU v.Ill .... 1 .-
1a t.bt total ~u\at1oft at t.he rat.e of ~ 1Dc_ .... ",-ret __ ,""" 
be ad that aD aver. 1ncN&. of o.oae ~_ pel" IIinut.e .,. .... t • 




Prom prel~ elq>e1"'1l8nteJ it wae tound ttat La !I!!!!!S! ...... 
(stl'81n ~) .. naa.-flagellated .to 3eo a., and _ wall tlap1.late4 .. aoe c. 
B7 ~ th8 ' .... t1oD t.emptrat,ve., the a.~ ~" of n.aaeua at 
,,_ average. ....... r of tlaplla aut the ...... cu. ............ 11 ... :11. pa .. 
1Dd1 v.ldul wre uuure4. An maqld.. f4 the intaflagell.ar ep&e1r.Ic ". •• 
that gJOWth does not occur at tbl tip ot the 1rld1Vidual.. !'ban 1.' __ 
1ftcti.eaticn that growt.b occurs at specific po1nt. v1t1'd.n the eeU. • 
Evidence bu been. pnu:eaW wbtch 1ndica.s the n ... u.a appe .... 
tbe Gell onq while ttare 1. act1" mul tipl1cat.1.oa of the .u., 1 ... tbI 
plate aouate 8bov an 1ncnt-... at a ra. -* 0.02 to 0.0) IIl1cI'ClUt ,. ..... .
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The rln~l c.:>ples have beor, enm1J1ed by the d lreoior of the 
tbeS18 and the .1~tur. which .p¥ears b61o. verifies the faot ~.t 
~ neoeeaar,r ohange! heve b~en 1noorp~rated, and that the theai_ 1_ 
now given tinal approval with r~t.reno. to content, tora, and 
•• chanlcal ~ocur.ar. 
lb. th.sls 1s therercl'C accepted 1n part1al f'ulf:tll •• nt of 
